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ANTIGEN RECEPTOR VARIABLE REGION TYPING 

FTELD AND BACKGROUND OF THE INVENTION 

The present invention relates to methods of typing variable regions of antigen 
5 receptor chains, to probe arrays for practicing such typing, and to probe sets for 
generating such arrays. More particularly, the present invention relates to methods of 
typing variable region segment combinations of T-cell receptor (TCR) chains encoded 
by polynucleotides or antisense sequences thereof, to polynucleotide probe arrays for 
practicing such typing, and to polynucleotide probe sets for generating such arrays. 
10 Diseases associated with a protective or pathogenic antigen specific immune 

response, such as infectious^ autoimmune, allergic, transplantation related, malignant, 
and inflammatory diseases, include numerous highly debilitating and/or lethal 
diseases whose medical management is suboptimal, for example, with respect to 
prevention, diagnosis, treatment, patient monitoring, prognosis, and/or drag design. 
15 For example, dangerous infectious diseases for which no optimal medical 

management methods are available include acquired immunodeficiency syndrome 
(AIDS) caused by human immunodeficiency virus (HIV), influenza, malaria, 
hepatitis, tuberculosis, cholera, Ebola virus infection, and severe acute respiratory 
syndrome (SARS). Such diseases are collectively responsible for millions of deaths 
20 worldwide each year. Ominously, diseases such as AIDS, and antibiotic-resistant 
bacterial and mycobacterial infections, such as antibiotic-resistant staphylococcal and 
tuberculosis infections, respectively, to which there are no satisfactory cures for most 
affected individuals, are on the increase. Also of concern is the widely perceived and 
anticipated threat of biological warfare using agents causing lethal infectious diseases, 
25 such as anthrax, smallpox, and bubonic plague. Hence, society is confronted with the 
challenge of vaccinating on relatively short notice large numbers of persons against 
such pathogens. Infectious diseases require better diagnostic discrimination between 
persons who will be susceptible to a particular vaccination and persons who will not 
respond. Certain infections can trigger autoimmune responses, and it is important to 
30 be able to diagnose persons who are destined to develop autoimmune diseases. With 
respect to vaccination strategies against infectious diseases, significant numbers of 
people have various degrees of immune malfunction - genetic, drug-induced, or 
acquired by infection or neoplasia - that could lead to serious complications upon 
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exposure to live vaccines such as vaccinia. Idiosyncratic reactions to killed virus or 
viral subunit vaccines could also cause serious illness. Therefore, it has become 
essential to develop ways to survey the immune state of large numbers of people in a 
manner that is fast, reliable, safe and relatively inexpensive. In particular, it is 

5 necessary to be able to stratify individuals so as to predict the potential hazards of 
various vaccinations. 

Autoimmune diseases represent a large group of highly debilitating and/or 
lethal diseases which includes such widespread and devastating diseases as 
rheumatoid arthritis, type I diabetes and multiple sclerosis. Traditionally, 

10 immunologic diagnosis and prognosis has been based on an attempt to correlate each 
condition with a specific immune reactivity, such as an antibody or a T-lymphocyte 
response to a single antigen specific for the disease entity. This approach has been 
largely unsuccessful for various reasons, such as the absence of specific antigens 
serving as markers of the disease. In the case of autoimmune diseases, this approach 

15 has been unsuccessful due to, for example, immunity to multiple self-antigens, as 
exemplified by type I diabetes which may be associated with a dozen different 
antigens, and due to the fact that a significant number of healthy persons may 
manifest antibodies or T-lymphocyte reactivities to self-antigens targeted in 
autoimmune diseases, such as insulin, DNA, myelin basic protein, thyroglobulin and 

20 others. For this,reason, false positive tests are not uncommon. Hence, there is a real 
danger of making a false diagnosis based on the determination of a given immune 
reactivity. Novel approaches, therefore, are needed to support the diagnoses of 
specific immune conditions in a way that would justify specific therapeutic decisions. 
Malignant diseases such as breast cancer, lung cancer, colorectal cancer, 

25 melanoma and prostate cancer are a tremendous medical and economic burden, 
particularly in industrialized populations. The immunotherapy of cancer is a situation 
in which it would be advantageous to classify persons with different types of immune 
reactivities to self-antigens; many, if not most, tumor-associated antigens are self- 
antigens. Thus, it is important in the design of therapeutic tumor vaccines to know 

30 what kind of immune potential is present in the patient. In individuals who have 
received chemotherapy and stem cell transplants for leukemias and other cancers, the 
monitoring of the overall breadth of the recovering immune system becomes crucially 
important. An immune system with a broader repertoire reflects one with more 
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potential to combat infections. 

Transplantation related diseases such as graft rejection and graft-versus-host 
disease are major causes of failure of therapeutic transplantation, a medical procedure 
of last resort broadly practiced for treating numerous life-threatening diseases, such as 
5 cardiac, renal, pulmonary, hepatic and pancreatic failure. 

Allergic diseases, such as allergy to seasonal pollens, ragweed, dust mites, pet 
fur, cosmetics, and various foods are significantly debilitating to a large proportion of 
the population, can be fatal, and are of great economic significance due to the large 
market for allergy drugs. 
10 The need for optimal methods of monitoring immune responses and disease 

progression is acutely felt in the pharmaceutical industry in the development of new 
therapeutic biological agents and drugs. Autoimmune and degenerative diseases are 
intrinsically difficult to deal with pharmaceutical^. Not only are these diseases 
chronic, but the individual patients enrolled in treatment trials tend to be in different 
15 states of responsiveness. Thus it is difficult to devise a single dose of a drug and a 
treatment schedule that will be optimal for each individual. Some individuals need 
larger or smaller doses, or more or less frequent administration for an optimal 
response. Thus it is all too easy to miss the mark, and even effective drugs have failed 
to reach statistical significance in trials. Indeed, it is costly and hazardous to risk the 
20 success of a new drug on a long-term trial of one or a few doses or modes of 
administration. The industry critically requires predictive markers to stratify 
individuals and design trials based providing critical immunologic information 
regarding the response of the test individuals. Clinical trials of anti-inflammatory 
drugs have focused on the disease as the only endpoint, and have failed to monitor the 
25 cause of the disease. Hence, methods of characterizing antigenic specificities of the 
immune system could provide the information needed to optimize effectiveness and 
save time in arriving at dosing and other variables. 

Hence, there is an urgent need for novel and improved methods for facilitating 
optimal performance of various aspects of medical management of a vast range of 

30 antigen associated diseases. 

The adaptive immune system normally functions to afford rapid, specific and 
dynamic responses to a huge variety of antigen specific insults, in particular invasion 
by microbial pathogens and non-self cells. By virtue of B- and T-lymphocytes being 
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the antigen specific effectors of humoral and cellular immunity, respectively, these 
cell types play a central role in the body's defense against antigen-associated diseases. 
The antigenic specificity of B- and T-lymphocyte mediated immune responses is 
conferred by B-cell receptors (BCRs) and TCRs, antigen specific receptors clonaUy 
5 distributed on individual lymphocytes, whose repertoire of antigenic specificity is 
generated via somatic gene rearrangement. B-cell receptors and TCRs are bound to 
the membrane of B- and T-lymphocytes together with coreceptors, which mediate 
specific signals following ligand recognition. In the case of B-lymphocytes, in order 
to effect humoral immune responses, such cells additionally secrete soluble BCRs in 
10 the form of antigen specific antibodies. While the function of lymphocytes is 
normally protective, under conditions of immune dysregulation B- and T-lymphocytes 
may mediate antigen specific immunity resulting in disease pathogenesis, either as a 
result of misdirected immunity, as in the case of autoimmune, allergic, 
transplantation-related and inflammatory diseases; or as a result of insufficient 
15 immunity, as in the case of infectious, and malignant diseases. 

T-lymphocytes play a critical role in immune responses against infectious 
agents and in the body's natural defenses against neoplastic diseases. A typical T- 
lymphocyte mediated immune response is characterized by recognition of a particular 
antigen, secretion of growth-promoting cytokines, and proliferative expansion to 
20 provide additional T-cells to recognize and eliminate the foreign antigen. There are 
two major T-lymphocyte types, helper T-lymphocytes and cytotoxic T lymphocytes 
(CTLs). The normal function of helper T-lymphocytes is to secrete cytokines such as 
IL-2 which promote activation and proliferation of antigen specific B- and T- 
lymphocytes, and that of CTLs is to trigger apoptotic death of self or allogeneic cells 
25 containing intracellular antigens recognized as foreign by the immune system. Hence, 
T-lymphocyte effector functions are activated in response to self cells containing 
intracellular antigens such as pathogen derived antigens, tumor-associated antigens 
(TAAs), self-antigens in the case of autoimmune disease, or graft or host cells 
displaying allogeneic/xenogeneic antigens relative to host or graft T-lymphocytes in 
30 the case of graft rejection or GVHD, respectively (Krensky A. et aL, 1990. N Engl J 
Med. 322:510). 

T-cell receptors are composed of a heterodimer of transmembrane molecules, 
with about 95 % of TCRs being composed of an oj8 dimer and the remainder of a 75 
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dimer. T-cell receptor o; jS, 7 and 5 chains comprise a transmembrane constant region 
and a variable region in the extracellular domain, similarly to immunoglobulins (Ig's). 
Signal transduction of TCRs is transmitted via CD3/ff complex, an associated multi- 
subunit signaling complex comprising signal transducing subunits. Unlike antibodies, 

5 TCRs do not recognize native antigens but rather a complex of an intracellularly 
processed polypeptide or lipid antigen fragment "presented" at the surface of self cells 
by a specialized antigen-presenting molecule (APM); MHC in the case of peptide 
antigens and CD1 in the case of lipid antigens. The two main types of MHC 
molecules, MHC class I and MHC class II, serve distinct functions in T-lymphocyte 

10 mediated immunity and in accordance are expressed on distinct cells types. Major 
histocompatibility complex class I molecules are expressed on the surface of virtually 
all cells in the body while MHC class II molecules are expressed on a restricted subset 
of specialized antigen-presenting cells (APCs) involved in T-lymphocyte maturation 
and priming, such as dendritic cells and macrophages. Major histocompatibility 

15 complex class I and II molecules respectively specifically present antigen to either 
CTLs or helper T-lymphocytes which specifically display CD8 and CD4 MHC 
coreceptors, respectively, enabling such specific engagement. Similarly to MHC class 
II, CD1 is mainly expressed on professional APCs. 

B-lymphocyte mediated immune responses are initially mediated by specific 

20 recognition and binding of antigen by membranal BCRs (IgM and IgD isotype) which 
as a consequence is endocytosed, processed, and displayed at the cell surface by MHC 
class II molecules so as to enable activation of helper T-lymphocytes. Other antigen 
presenting cells, such as dendritic cells or macrophages, can also activate helper T- 
cells. Such activated helper T-lymphocytes in turn engage and stimulate B- 

25 lymphocytes by releasing cytokines such as EL-4 to induce their differentiation into 
plasma cells which secrete large quantities of antibodies. Antibodies mediate humoral 
immunity by specifically binding to foreign antigenic determinants on the surface of 
pathogens such as viruses, parasites, and bacteria, leading to their neutralization and 
elimination from the body via activation of the complement cascade culminating in 

30 oxidative burst killing of pathogen, and via Fc receptor mediated phagocytotic 
clearing of pathogen. Furthermore, the complement cascade generates complement 
protein cleavage products functioning as opsonins having the capacity to trigger non- 
specific inflammatory responses involving accumulation of phagocytes such as 
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neutrophils and macrophages at sites of infection, thereby further sensitizing the 
immune system against the foreign antigen. 

The most fundamental mechanism whereby the great variability of antigen 
receptor specificity is generated is via combinatorial rearrangement of variable region 

5 gene segments of antigen receptor gene loci (for review, refer, for example, to 
Janeway, CA. et ai, 'Tmmunobioiogy", 5th ed. Garland Publishing, New York and 
London, c2001). This rearrangement process, commonly known as "V(D)J" 
recombination, which occurs during lymphocyte maturation, has the capacity to 
generate an antigen receptor repertoire which is orders of magnitude greater than the 

10 total number of lymphocytes present in an organism at any one time. Similarly to Ig 
heavy and light chains, TCR a and jS chains include an ammo-terminal variable (V) 
region and a carboxy terminal constant (C) region. The gene segment organization in 
TCR chains is generally homologous to that of the Ig gene segments whereby the 
TCRor locus comprises Va and J a gene segments, similarly to the Ig light chains, and 

15 the TCR/3 locus comprises D/3 gene segments as well as VjS and J/3 gene segments, 
similarly to Ig heavy-chain. T-cell receptor loci have a similar number of V gene 
segments but a greater number of J gene segments than Ig loci, and display greater 
variability between gene segment junctions during gene rearrangement. 

The genomic organization of the variable gene segments of the human TCR/3 

20 locus involves an upstream cluster of VjS-segment genes followed by two segment 
gene clusters each encoding a Dj3-segment, multiple JjS-segments, and a C/3-segment 
To date about 60 different V/S-segments (see Table 1, below), 2 different DjS-segments 
and 13 different J/3-segments have been identified. Not all V/3-segment genes have 
been identified, however, with certain VjS-segment genes being optionally expressed 

25 and others, termed pseudogenes, never being expressed. Taking codon usage 
variability as well as allelic variation into account there were as of October 2004 
about 128 known distinct genetic sequences encoding V/3-segments (refer, for 
example, to http://imgtxines.fr:8104/texte^^ 

human/TRB/TRBV/HuJTRBVaU.html; or http://imgt.cines.fr:8104/textes/IMGT 
30 repertoke/Protems/aUeles/hu^ 

The variable regions of antigen receptor chains comprise three hypervariable 
loop structures referred to as complementarity determining regions (CDRs). In TCR 
chains, the first (CDR1) and second (CDR2) CDR loops are comprised within the VjS- 
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segment and contact the relatively less variable MHC component of the MHC:antigen 
complex. In contrast, the third CDR loop (CDR3), which is responsible for making 
the contact with the presented antigen, is the most highly variable, being formed by 
the carboxy terminal portion of the VjS-segment, the entire Dj3-segment and the amino 
5 terminal end of the Jj3-segment. 

The antigenic specificity of any given antigen receptor is therefore largely 
dictated by the particular combination of rearranged gene segments with which it is 
composed, and at the whole organism level, the repertoire of actual and potential 
antigenic specificities of an antigen receptor in a specific individual will similarly be 
10 largely dictated by the particular repertoire of antigen receptor gene segment 
combinations represented in the individual. 

The repertoire of rearrangements of an antigen receptor chain in an individual 
is thus driven by two principal types of processes. The first type of process, which 
occurs during lymphocyte maturation, comprises an initial rearrangement phase 
15 involving generation of a repertoire of an antigen receptor chain in which the 
particular variable segment alleles encoded by the germline of the individual are 
randomly rearranged. In a subsequent negative selection phase, lymphocytes 
expressing potentially autoreactive antigen receptors are eliminated. The second type 
of process, driven by antigen specific immune responses, involves clonal expansion 
20 and memory cell differentiation of lymphocytes expressing antigen receptors 
optimally binding the antigens targeted by such immune responses. 

Thus, the capacity to optimally type the specificity repertoire of an antigen 
receptor of an individual could be used to optimally characterize the types of antigens, 
pathogens and associated diseases encountered in the individual's lifetime, the types 
25 of immune responses the individual has mounted in response to such antigens, 
pathogens and associated diseases, and the potential capacity of the individual's 
immune system to react in the future against specific antigens, pathogens and 
associated diseases. Such typing capacity could be used to optimally identify in the 
antigen receptor specificity repertoire of the individual a known specificity pattern 
30 correlating with an immunological phenotype associated with the disease. Such 
identification could then be used to optimally categorize the individual with respect to 
the disease phenotype and hence could be used to optimize medical management of 
the disease in the individual. Such a typing method could further be used to identify 
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novel specificity patterns across groups of individuals sharing an immunological 
phenotype characteristic of an antigen associated disease. Such phenotypes would 
include, for example, histories, states, courses, susceptibilities, and therapeutic 
responses associated with an antigen associated disease. 

Therefore, the capacity to optimally type a repertoire of specificities of an 
antigen receptor chain could be used for facilitating optimal medical management of 
antigen associated diseases, including infectious, malignant, autoimmune, 
transplantation related, allergic, malignant and inflammatory diseases. Particular 
aspects of medical management which could be optimized as a result of optimal 
typing of an antigen receptor specificity repertoire of an individual would notably 
include prevention, diagnosis, treatment, patient monitoring, prognosis, drug design, 
and the like. 

Various prior art approaches have been suggested or attempted for typing 

antigen receptor specificity repertoires. 

One approach involves typing an antigen receptor specificity repertoire 
indirectly as a function of CDR length repertoire. One example of such an approach 
is the "spectratyping" technique (reviewed in Janeway, Charles A. et at 
"Immunobiology", 5th ed. Garland Publishing, New York and London, c2001), a 
PCR based method that separates genetic sequences encoding antigen receptors on the 
basis of CDR3 length using primers specific for individual V gene segments at one 
end, and specific for a conserved part of the C region at the other end so as to generate 
a set of amplification fragments spanning the CDR3. This generates a set of PCR 
products having lengths representing the CDR3 length repertoire such that changes in 
length distribution can be correlated to changes in the antigen receptor repertoire. 
5 Another approach based on typing a CDR length repertoire is the "immunoscope" 
technique (reviewed in Ria F. et al, 2001. Curr Mol Med. 1:297-304), an RT-PCR 
based approach in which a bulk lymphocyte population is separated into hundreds to 
thousands of groups based on rearranged antigen receptor V/J gene segments and the 
resulting length of the CDR3 so as to attempt to track clonal shifts. A further 
approach based on typing a CDR length repertoire comprises using RT-PCR to 
amplify mRNA transcripts from a cell sample using family-specific V0 
oligonucleotide primers, and analyzing the cDNA products on a DNA sequencer to 
visualize the ranges of CDR3 lengths (Cottrez et aL, 1994. J Immunol Methods 172: 
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85-94; see also Gorski et al, 1994. J Immunol. 152:5109-5119). 

Another approach involves cloning Ig chains, and expressing them in 
genetically transformed host cells for analysis thereof. One example of such an 
approach involves cloning antibodies from diseased human tissues, expressing them 
5 in eukaryotic cell lines, and analyzing them via immunoT cytochemistry and FACS 
analysis (Williamson et al, 2001. Proc Natl Acad Sci USA. 98:1793-8). Another 
example of such an approach involves estabhshing B-cell hybridomas from human 
individuals and characterizing their Ig specificity repertoires by ELISA and 
sequencing (Baxendale et al, 2000. Eur J Immunol. 30:1214-23). 
10 Further approaches involve utilizing random sequencing or RNase protection 

assays (Okada et al, 1989. J Exp Med. 169:1703-1719; Singer et al, 1990. EMBO J. 
9:3641-3648), TCR niini-libraries in E. coli generated by anchored or inverse PCR 
(Rieux-Laucat et al, 1993. Eur J Immunol. 23:928-934; Uematsu et al, 1991. 
Immunogenetics 34:174-178), and variable region gene usage analysis using available 
15 specific monoclonal antibodies (mAb's; Genevee et al, 1994. Int Immunol. 6:1497- 
1504). 

Yet a further approach involves PCR amplifying cDNA derived from cell 
samples via PCR using family-specific Va and V0 oligonucleotide primers, and 
analyzing the PCR reaction products by Southern blotting using os-chain or /3-chain 
20 constant region gene probes to detect a specific TCR Vo; or V0 family (Oaks et al, 

1995. Am J Med Sci. 309:26-34). 

Still a further approach involves PCR amplifying cDNA from cell samples 
using family-specific Vfi oligonucleotide primers, and analyzing the PCR reaction 
products using the "single-strand conformation polymorphism" (SSCP) technique, 

25 wherein the PCR reaction products are separated into single strands and 
electrophoresed on a non-denaturing polyacrylamide gel, such that DNA fragments 
having the same length are made further separable by differences in secondary 
structure. Using this method, the amplified DNA from polyclonal lymphocytes is 
visualized as a "smear" comprising discrete bands being indicative of T-cell clonal 

30 expansion (European Patent Application No. 0653 493 Al, filed 30 April 1993). 

An additional approach involves deterrnining VDJ junction size patterns in 
twenty-four human V0 subfamilies by PCR ampUfying cDNA from malignant tissue 
biopsies using Vj8 family-specific primers, and sequencing the resultant PCR 
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products. To "refine" the T-cell repertoire analysis, a second set of V/3 family- 
specific PCR reactions of interest are further subjected to primer extension "run-off' 
reactions using a fluorophore labeled C/3 primer and/or using one of thirteen J/3-family 
specific, fluorophore-labeled J/3 primers. The run-off reaction products are then 
5 analyzed on additional sequencing gels (Puisieux et al, 1994. J Immunol. 153:2807- 
18): A refinement of this approach involves using twenty-five V/3 family-specific 
PCR amplifications, twenty-five C/3 run-off reactions, and 325 J/3 run-off reactions 
(25 V/3 x 13 J/3 = 325). Each run-off reaction is analyzed by electrophoresing an 
aliquot on a polyacrylamide gel (Pannetier et al, 1995. Immunol Today 16:176-181). 
10 Yet additional approaches are the "mtrafamiry" and "interfamily" fragment 

PCR analysis approaches (PCT Patent AppUcation No. WO 97/18330 to Dau et al). 
In the interfamily approach the PCR is used for amplifying cDNA from cell samples 
using primers specific for each V/3 family, and quantitatively comparing reaction 
producte. This approach is disadvantageous in that it involves a requirement for 
15 optimization of reaction conditions necessary for optimizing primer efficiencies and 
to stop all reactions in log phase for all V/3 families. In the intrafamily approach 
fragments generated by a single V/3 primer are compared to avoid the interfamily 
analysis optimization requirements . 

Still an additional approach involves utilizing antigen microarrays wherein 
20 standard gene spotting technology is used to spot arrays of large numbers of antigens 
on glass slides. Small amounts of test sera are applied to the coated slides, and 
antibodies binding to these molecules are detected via laser scanning (WIPO 

Publication No. WO0208755). 

Yet still an additional approach has suggested employing DNA 

25 oligonucleotide probe microarrays for typing individual variable region segments 
(WIPO Publication No. WO03044225 A2). 

However, all prior art approaches for typing antigen receptor specificity 
repertoires, are highly suboptimal. Approaches involving typing of an antigen 
receptor specificity repertoire via typing of a CDR/VDJ junction length repertoire, are 

. 30 essentially non informative with respect to characterizing antigen receptor 
specificities per se. Approaches involving genetic transformation of host cells to 
express antigen receptor polypeptides, nucleic acid sequencing, antigen receptor 
cognate antigen probes, antibody probes specific for antigen receptor variants, and 
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electrophoresis are highly labor intensive, extremely restricted in the scope of 
specificities which may be typed and/or are unsuitable for high throughput analysis. 
Approaches based on antigen microarrays are highly impractical for typing specificity 
repertoires of TCRs since TCRs, unlike antibodies, do not recognize native antigen 

5 molecules, but processed antigen fragments complexed with specific MHC molecules, 
which are impossible to generate on the repertoire scale. Furthermore, since T- 
lymphocytes do not secrete their TCR molecules, it is highly impractical to obtain 
large numbers of free TCR molecules. 

Critically, no prior art approach enables high throughput typing of antigen 

10 receptor specificity repertoires as a function of rearranged variable region segment 
combinations. 

Thus, all prior art approaches have failed to provide an adequate solution for 
typing antigen receptor specificity repertoires. 

There is thus a widely recognized need for, and it would be highly 
15 advantageous to have, a method devoid of the above limitation. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention there is provided a method of 
typing a variable region of a specific variant of an antigen receptor chain, the method 

20 comprising: (a) exposing a probe set to a sense or antisense strand of a polynucleotide 
encoding at least a portion of the variable region of the specific variant of the antigen 
receptor chain, wherein the probe set includes a plurality of probe molecules, wherein 
each probe molecule of the plurality of probe molecules is substantially 
complementary to a sense or antisense strand of a nucleic acid sequence region of a 

25 specific polynucleotide encoding a variant of the antigen receptor chain, the nucleic 
acid sequence region distinctly encoding a specific combination of at least two 
variable region segments of the antigen receptor chain; and (b) measuring a 
hybridization of the each probe molecule of the plurality of probe molecules with the 
sense or antisense strand of the nucleic acid sequence region of the polynucleotide 

30 encoding at least a portion of the variable region of the specific variant of the antigen 
receptor chain, thereby typing the variable region of the specific variant of the antigen 
receptor chain. 

According to further features in preferred embodiments of the invention 
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described below, each distinct probe molecule of the probe set is attached to a probe 
array at a specific addressable location included in the probe array. 

According to still further features in the described preferred embodiments, step 
(b) is effected by measuring a collective hybridization of the sense or antisense strand 

5 of the polynucleotide encoding at least the portion of the variable region of the 
specific variant of the antigen receptor chain, with each distinct probe molecule of 
each distinct subset of probe molecules of a group of distinct subsets of probe 
molecules of the probe set, wherein the group of distinct subsets of probe molecules 
. includes a number of distinct subsets of probe molecules selected from a range of 1- 

10 299 distinct subsets of probe molecules. 

According to still further features in the described preferred embodiments, 
each distinct subset of probe molecules of the group of distinct subsets of probe 
molecules includes a number of distinct probe molecules selected from a range of 1- 
128 distinct probe molecules. 

15 According to still further features in the described preferred embodiments, 

each distinct subset of probe molecules of the group of distinct subsets of probe 
molecules is attached to a probe array at a specific addressable location of a plurality 
of addressable locations included in the probe array. 

i 

According to still further features in the described preferred embodiments, the 
20 polynucleotide encoding at least the portion of the variable region of the specific 
variant of the antigen receptor chain is a complementary DNA molecule. 

According to another aspect of the present invention there is provided a probe 
array comprising a support including a plurality of addressable locations and a probe 
set including a plurality of probe molecules, wherein each probe molecule of the 
25 plurality of probe molecules is attached to a specific addressable location of the 
plurality of addressable locations of the support, and is substantially complementary 
to a sense or antisense strand of a nucleic acid sequence region of a specific 
polynucleotide encoding a variant of an antigen receptor chain, the nucleic acid 
sequence region distinctly encoding a specific combination of at least two variable 
30 region segments of the antigen receptor chain. 

According to still further features in the described preferred embodiments, the 
probe array includes the plurality of addressable locations at a surface density of at 
least 625 specific addressable locations per square centimeter of a support comprised 
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in the probe array. 

■ 

According to yet another aspect of the present invention there is provided a 
probe set comprising a plurality of probe molecules, each probe molecule of the 
plurality of probe molecules being substantially complementary to a sense or 

5 antisense strand of a nucleic acid sequence region of a specific polynucleotide 
encoding a variant of an antigen receptor chain, the nucleic acid sequence region 
distinctly encoding a specific combination of at least two variable region segments of 
the antigen receptor chain. 

According to further features in preferred embodiments of the invention 

10 described below, the probe set includes a number of probe molecules selected from 
the group consisting of 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
21, 22, 23, 24 or 25 probe molecules. 

According to still further features in the described preferred embodiments, the 
probe set includes a number of probe molecules selected from a range of 26-30, 31- 

15 35, 36-40, 41-45, 46-50, 51-55, 56-60, 61-65, 66-70, 71-75, 76-80, 81-85, 86-90, 91- 
95, 96-100, 101-150, 151-200, 201-250, 251-300, 301-350, 351-400, 401-450, 451- 
500, 501-550, 551-600, 601-650, 651-700, 701-750, 751-800, 801-850, 851-900, 901- 
950, 951-1,000, 1,001-1,100, 1,101-1,200, 1,201-1,300, 1,301-1,400, 1,401-1,500, 
1,501-1,600, 1,601-1,700, 1,701-1,800, 1,801-1,900, 1,901-2,000, 2,001-2,100, 2,101- 

20 2,200, 2,201-2,300, 2,301-2,400, 2,401-2,500, 2,501-2,600, 2,601-2,700, 2,701-2,800, 
2,801-2,900, 2901-3000, 3,001-3,500, 3,501-4,000, 4,001-4,500, 4,501-5,000, 5,001- 
5,500, 5,501-6,000, 6,001-6,500, 6,501-7,000, 7,001-7,500, 7,501-8,000, 8,001-8,500, 
8,501-9,000, 9,001-9,500 or 9,501-9,776 probe molecules. 

According to. still further features in the described preferred embodiments, the 

25 at least two variable region segments are selected from the group consisting of a V- 
segment, a D-segment and a J-segment. 

According to still further features in the described preferred embodiments, the 
V-segment has a third complementarity determining region specific portion which has 

• - 

an amino acid sequence selected from the group consisting of SEQ ID NOs: 1-23, 
30 whereas each probe molecule of the probe set is substantially complementary to at 
least a portion of the sense or antisense strand of the nucleic acid sequence region of 
the specific polynucleotide, wherein the portion of the sense or antisense strand 
encodes the third complementarity detennining region specific portion of the V- 
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segment. 

According to still further features in the described preferred embodiments, 
each probe molecule of the probe set is a single stranded polynucleotide composed of 
a number of nucleotides selected from a range of 24-48 nucleotides. 
5 According to still further features in the described preferred embodiments, the 

single stranded polynucleotide is a single stranded DNA molecule. 

According to still further features in the described preferred embodiments, the 
single stranded polynucleotide includes at least one nucleic acid sequence selected 
from the group consisting of SEQ ID NOs: 24-60 and antisense sequences thereof 
10 According to still further features in the described preferred embodiments, the 

antigen receptor chain is a T-cell receptor chain. 

According to still further features in the described preferred embodiments, the 
T-cell receptor chain is T-cell receptor beta. 

According to still further features in the described preferred embodiments, the 
15 antigen receptor chain is a human antigen receptor chain. 

The present invention successfully addresses the shortcomings of the presently 
known configurations by providing an optimal method of typing antigen receptor 
specificity repertoires. 

Unless otherwise defined, all technical and scientific terms used herein have 
20 the same meaning as commonly understood by one of ordinary skill in the art to 
which this invention belongs. Although methods and materials similar or equivalent 
to those described herein can be used in the practice or testing of the present 
invention, suitable methods and materials are described below. All publications, 
patent applications, patents, and other references mentioned herein are incorporated 
25 by reference in their entirety. In case of conflict, the patent specification, including 
definitions, will control. In addition, the materials, methods, and examples are 
illustrative only and not intended to be limiting. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 The invention is herein described, by way of example only, with reference to 

the accompanying drawings. With specific reference now to the drawings in detail, it 
is stressed that the particulars shown are by way of example and for purposes of 
illustrative discussion of the preferred embodiments of the present invention only, and 
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are presented in the cause of providing what is believed to be the most useful and 
readily understood description of the principles and conceptual aspects of the 
invention. In this regard, no attempt is made to show structural details of the 
invention in more detail than is necessary for a fundamental understanding of the 
5 invention, the description taken with the drawings making apparent to those skilled in 
the art how the several forms of the invention may be embodied in practice. 
In the drawings: 

FIGs. la-b are diagrams depicting the array-level and subarray-level layout, 
respectively, of the degenerate probes immobilized on the microarray. Subarrays 1-13 

10 of the slide were each printed with the set of oligonucleotide probes capable of 
specifically hybridizing with the target cDNAs of TCR/3 variable regions having the 
indicated JjS-segments (Figure la). The actual subarray printing pattern is shown in 
Figure lb. Namely, within each subarray, triplicate cells were printed with the 
degenerate probe capable of specifically hybridizing with target cDNAs of TCR0 

15 variable regions having the JjS-segment specific to the subarray and a VjS-segment 
belonging to one of the 23 novel VjS-segment groups, as indicated in each cell. Three 
cells of each subarray are printed with Cy3 for marking the orientation of the 
subarray. 

FIG. 2 is a fluorescence photomicrograph of a microarray analysis depicting 
20 specific high affinity hybridization of cDNA of a specific TCR/? chain to its 
corresponding subarray and to cells within the subarray corresponding to the novel 

* 

VjS-segment group to which its VjS-segment belongs. The cDNA analyzed was of a 
TCR/3 chain whose variable region includes a J/32.1 -segment and a VjS-segment 
belonging to novel VjS-segment group No. 4 (having a CDR3 with a VjS specific 

25 portion consisting of a CAS amino acid sequence motif, Table 1). Note hybridization 
of the cDNA to the Jj82.1 specific subarray, and to cells within this subarray specific 
for V|34, Vj316 and V/318 which each belong to novel VjS-segment group No. 4. The 
hybridized microarray was analyzed for Cy5 fluorescence. 

FIG. 3 is a fluorescence photomicrograph of a microarray analysis depicting a 

30 highly distinctive pattern of hybridization of target cDNAs representing an 
individual's TCRjS specificity repertoire to the set of 299 degenerate oligonucleotide 
probes of the present invention. Three cells of each subarray were printed with Cy3 
for marking the orientation of the subarray. 
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FIG. 4 is a schematic diagram depicting a probe array. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is of methods of typing a variable region of an antigen 

5 receptor chain, of probe arrays for performing such typing, and of probe sets for 
generating such probe arrays. Specifically, the present invention can be nsed for 
optimally typing an antigen receptor specificity repertoire in an individual. As such, 
the methods, probe arrays and probe sets of the present invention can be used for 
optimally typing an antigen receptor specificity repertoire so as enable optimal 

10 identification of a specificity pattern correlated with an immunological phenotype 
specific to a disease associated with a protective or pathogenic antigen specific 
immune response. Due to the critical importance of such immunological phenotyping 
for medical management thereof, the present invention can be used to enable optimal 
medical management of such diseases. 

4 

15 The principles and operation of the present invention may be better understood 

with reference to the drawings and accompanying descriptions. 

Before explaining at least one embodiment of the invention in detail, it is to be 
understood that the invention is not limited in its application to the details set forth in 
the following description or exemplified by the Examples, The invention is capable 

20 of other embodiments or of being practiced or carried out in various ways. Also, it is 
to be understood that the phraseology and terminology employed herein is for the 
purpose of description and should not be regarded as limiting. 

No optimal methods are available for medical management (e.g., prevention, 
diagnosis, treatment, patient monitoring, prognosis, drug design, and the like) of the 

25 vast range of lethal/debilitating antigen associated diseases, i.e., diseases associated 
with a protective or pathogenic antigen specific immune response, such as infectious, 
autoimmune, transplantation related, malignant, allergic, malignant and inflammatory 
diseases. An optimal strategy for facilitating medical management of such a disease 
in an individual would be via a method enabling optimal typing of an antigen receptor 

30 specificity repertoire thereof. Such typing could be used to optimally qualify the 
antigen receptor specificity repertoire of the individual with respect to a reference 
specificity pattern which is known to correlate with a phenotype associated with the 
disease. Such qualification could then be used to optimally characterize the 
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phenotype of the individual, and hence could be used to optimize medical 
management of the disease in the individual. Such a typing method could further be 
used to enable identification of a novel specificity pattern shared among individuals 
sharing a phenotype associated with such a disease. 
5 Various methods of typing antigen receptor specificities have been described 

by the prior art. 

Such approaches include those based on typing antigen receptor specificities 
as a function of length of a CDR, genetic transformation of host cells for analysis of 
cloned antigen receptor chains, random sequencing of variable region encoding 

10 sequences, RNase protection assays, variable region segment typing using monoclonal 
antibodies (mAb's), PCR amplification of specific variable region segments from 
cDNA of cell/tissue samples and analysis of products via Southern blotting or single- 
strand conformation polymorphism (SSCP), or semi quantitative PCR techniques, 
antigen receptor antigen microarrays, and microarrays utilizing oligonucleotide probes 

15 specific for individual variable region segments. 

However, all such prior art approaches suffer from various drawbacks, 
including being suboptimally informative with respect to antigen receptor specificities 
per se, being unpractically labor intensive/unadaptable to high throughput 
methodology, and/or being restricted to very limited numbers of antigen receptor 

20 specificities due to unavailability of probe reagents. Most importantly, no prior art 
approach enables optimal typing of an antigen receptor chain specificity repertoire as 
a function of rearranged variable region segment combinations. 

Thus, all prior art approaches have failed to provide adequate solutions for 
typing antigen receptor specificity repertoires. 

25 While conceiving the present invention it was hypothesized that methods 

enabling typing of an antigen receptor variable region segment rearrangement 
repertoire according to specific combinations of at least two variable region segments 
could be used to optimally type the repertoire of specificities of the antigen receptor in 
an individual, and that such typing could therefore facilitate optimal medical 

30 management of an antigen associated disease. 

While reducing the present invention to practice, a unique probe set was 
designed and synthesized, and used for producing a unique probe array which was 
used for optimally typing the T-cell receptor beta segment specificity repertoire of a 
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human individual. 

Hence, the present method traverses many of the limitations of the prior art. 
Thus, according to the present invention, there is provided a method of typing 
a variable region of a specific variant of an antigen receptor chain. The method is 

5 effected in a first step by exposing a probe set to a sense or antisense strand of a 
polynucleotide encoding at least a portion of the variable region of the specific variant 
of the antigen receptor chain, the probe set including a plurality of probe molecules 
each of which being substantially complementary to a sense or antisense strand of a 
nucleic acid sequence region of a specific polynucleotide encoding a variant of the 

10 antigen receptor chain, where the nucleic acid sequence region of the specific 
polynucleotide distinctly encodes a specific combination of at least two variable 
region segments of the antigen receptor chain. In a second step, the method is 
effected by measuring hybridization of each probe molecule of the plurality of probe 
molecules with the sense or antisense strand of the nucleic acid sequence region of the 

15 polynucleotide encoding at least a portion of the variable region of the specific variant 
of the antigen receptor chain. 

By way of illustration, a nucleic acid sequence which "distinctly encodes" a 
specific combination of at least two variable segments of an antigen receptor chain 
has a unique nucleic acid sequence encoding at least a portion of each of at least two 

20 variable region segments of the antigen receptor chain relative to all possible nucleic 
acid sequences encoding at least a portion of each of at least two variable region 
segments of the antigen receptor chain. Thus, examples of nucleic acid sequences 
which distinctly encode a specific combination of at least two variable region 
segments of the antigen receptor chain with respect to each other include: (i) nucleic 

25 acid sequences which encode, with different nucleic sequences and/or with at least 
one difference in codon usage, a specific segment of the variable region of the antigen 
receptor chain (i.e., nucleic acid sequences which encode polypeptides having 
identical amino acid sequences); and (ii) where the antigen receptor chain is of a type 
having three types of variable region segments (e.g., V-, D-, and J-segments, as in the 
. 3b case of human T-cell receptor beta), nucleic acid sequences which encode segments of 
the variable region of the antigen receptor chain having identical amino acid 
sequences specific to two types of variable region segments of the antigen receptor 
chain (e.g., the V-segment and the J-segment), but which differ in having non- 
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identical amino acid sequences specific to a third type of variable region segment 

(e.g, the D-segment). 

As used herein, the term "specific combination of at least two variable region 
segments of the antigen receptor chain" refers to a combination of variable region 
segments encoded by gene segments belonging to a specific combination of at least 
two types of variable region genes (i.e., irrespective of the particular variable region 
gene segments encoding the at least two variable region segments. 

Since a probe molecule of the present invention is substantially 
complementary to a sense or antisense strand of a polynucleotide having nucleic acid 
► sequence region distinctly encoding a specific combination of at least two variable 
region segments of a variant of the antigen receptor chain, and since the antigenic 
specificity of a specific variant of an antigen receptor chain is primarily determined by 
its particular combination of variable region segments, the method of the present 
invention can be used for optimally typing the repertoire of antigenic specificities of 
5 an antigen receptor chain of an individual (referred to hereinafter as "specificity 
repertoire"). Hence, the method can be used for optimally qualifying such a 
specificity repertoire with respect to a reference specificity pattern which is known to 
correlate with a phenotype related to an antigen associated disease, and thereby can be 
used for optimally qualifying such an individual with respect to such a phenotype. 
to Since such qualification enables optimal performance of numerous aspects of medical 
management of such a disease in an individual, including prevention, diagnosis, 
treatment, patient monitoring, prognosis, and drug design, the method of the present 
invention therefore enables optimal medical management of such a disease in an 
individual. Furthermore, the method can be used to identify a novel reference 
25 specificity pattern by enabling typing of the specificity repertoire in a group of 
individuals sharing a phenotype related to an antigen associated disease. The resultant 
set of specificity repertoires may then be analyzed to identify the novel reference 
specificity pattern common to all or a definedproportion of which. 

As used herein, the phrase "antigen associated disease" refers to any disease 
30 associated with a protective antigen specific immune response, potentially associated 
with a protective antigen specific immune response, or .associated with a pathogenic 
antigen specific immune response. 

As used herein, the term "disease" refers to any medical disease, disorder, 
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condition, or syndrome, or to any undesired and/or abnormal physiological 
morphological, and/or physical state and/or condition. 

The method of the present invention may be effected in any of various ways, 
depending on the application and purpose, including via use of any of various types of 
5 samples of analyte strands, via use of a probe set which includes any of various probe 
molecule pluralities, and via performing the exposure and hybridization measurement 
steps of the method in any of various ways. 

As used herein, the phrase "analyte strand" refers to a sense or antisense strand 
of a polynucleotide encoding at least a portion of the variable region of a specific 

10 variant of the antigen receptor chain. 

Thus, the present invention provides a probe set which comprises a plurality of 
probe molecules, each of which being substantially complementary to a sense or 
antisense strand of a nucleic acid sequence region of a specific polynucleotide 
encoding a variant of an antigen receptor chain, where the nucleic acid sequence 
15 region distinctly encodes a specific combination of at least two variable region 
segments of the antigen receptor chain. 

The probe set of the present invention may comprise any of various pluralities 
of probe molecules, depending on the application and purpose. More particularly, the 
probe set may include any of various numbers of distinct probe molecules of the 
20 present invention, distinct probe molecules of the present invention in any of various 
proportions with respect to each oilier, a probe molecule of the present invention 
substantially complementary to any of various analyte strands, a probe molecule of 
the present invention capable of specifically hybridizing with a target analyte strand 
with any of various affinities, and/or a probe molecule of the present invention of any 

25 of various types. 

As used herein, the phrase "target analyte strand" when relating to a specific 

probe molecule of the present invention refers to an analyte strand of the present 
invention to which such a probe molecule has been selected to be substantially 
complementary under specific conditions. 

As used herein, a probe molecule of the present invention which is capable of 
specifically hybridizing" to a target analyte strand thereof refers to probe molecule 
having an optimal or unique capacity to substantially hybridize with the target analyte 
strand under defined conditions relative to the other probe molecules of the probe set 
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Preferably, the probe set includes distinct probe, molecules selected optimally 
suitable for typing an analyte strand of the present invention, or a plurality of distinct 
analyte strands of the present invention, depending on the type of the analyte strand or 
of the plurality of distinct analyte strands. One of ordinary skill in the art will possess 
the necessary expertise for selecting a probe set of the present invention which 
includes distinct probe molecules optimally suitable for typing a particular type of 
analyte strand of the present invention, or plurality of distinct analyte strands of the 
present invention. 

Preferably, according to the teachings of the present invention, the probe set 
, includes distinct subsets of probe molecules such that each distinct probe molecule of 
each distinct probe molecule subset is substantially complementary to a sense or 
antisense strand of a specific polynucleotide encoding a specific combination of at 
least two variable region segments of the antigen receptor chain where each of the 
least two variable region segments is encoded by a specific variable region gene. 

A probe set of the present invention which includes such distinct probe 
molecule subsets is optimal for typing a plurality of distinct antigen receptor chains 
relative to all prior art probe sets since it can be used according to the teachings of the 
present invention for optimally typing such a plurality of distinct antigen receptor 
chains according to any given combination of at least two variable region segments. 
0 For enabling optimally flexible and informative typing of a specificity 

repertoire of an individual, the probe set preferably includes probe molecule subsets 
selected so as to enable typing the antigen receptor chain specificity repertoire 
according to a maximal number of different combinations of the at least two variable 
region segments of the antigen receptor chain. 
IS The probe set may include any of various numbers of distinct subsets of probe 

molecule of the present invention, depending on the application and purpose. 
Preferably, the probe set includes a number of distinct subsets of probe molecules 
selected from a range of 1-299 distinct subsets of probe molecules. Preferably, the 
probe set includes about 299 distinct subsets of probe molecules, most preferably 299 

30 distinct subsets of probe molecules. 

Each distinct subset of probe molecules of the present invention may include 
any of various numbers of distinct probe molecules. Preferably, each distinct subset 
of probe molecules includes a number of distinct probe molecules selected from a 



WO 2005/053603 PCT/IL2004/000972 

22 

range of 1-128 distinct probe molecules, more preferably from a range of 16-128 

distinct probe molecules. 

Depending on the application and purpose, a distinct subset of probe 

molecules of the present invention may include distinct probe molecules in any of 
5 various proportions. The ordinarily skilled artisan will possess the necessary 

expertise to modify such proportion in order to modulate the specificity bias of a 

distinct subset of probe molecules of the present invention so as to enable optimally 

informative typing of the antigen receptor chain. 

As is described in the Examples section which follows (refer to Figure 3), a 
10 probe set of the present invention including 299 distinct subsets of probe molecules 

each of which including 16-128 distinct probe molecules can be used for optimally 

typing a human T-cell receptor beta chain repertoire according to the teachings of the 

present invention. 

Depending on the application and purpose, a probe molecule of the present 
15 invention may be selected of any of various types. In particular, a probe molecule of 
the present invention may be selected having any of various chemical compositions, 
physical dimensions, and/or molecular weights. 

Preferably, a probe molecule of the present invention is a single stranded 
polynucleotide, most preferably a single stranded DNA molecule, composed of a 
20 number of nucleotides selected from a range of 24-48 nucleotides. 

Alternately, a probe molecule of the present invention may be a double 
stranded polynucleotide, or a polypeptide, such as, for example, a peptide or an 
antibody. 

A polynucleotide probe molecule or analyte strand of the present invention 
25 may include any combination of any of various different types of nucleotide bases. A 
polynucleotide probe molecule or analyte strand of the present invention which 
includes any combination of any of various different types of nucleotide bases may be 
obtained according to techniques which are well known in the art Suitable nucleotide 
bases for preparing a polynucleotide probe molecule or analyte strand of the present 
30 invention may be selected from naturally occurring nucleotide bases such as adenine, 
cytosine, guanine, uracil, and thymine; and non-naturally occurring or non 
natural/synthetic nucleotide bases such as 8-oxo-guanine, 6-mercaptoguanine, 
4-acetylcytidine, 5-(carboxyhydroxyethyl)uridine, 2'-0-methylcytidine, 5-carboxy- 
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methylainino-methyl-2-thioridine, 5 -carboxymethylaminomethyliiridine, dihydro- 
uridine, 2 f -0-methylpseudouridine, /?,D-galactosylqueosine, T-O-methylguanosine, 
inosine, N6-isopentenyladenosine, 1-methyladenosine, 1-methylpseeudouridine, 

1- methylguanosine, 1-methylinosine, 2,2-dimethylguanosine, 2-methyladenosine, 
5 2-methylguanosine, 3-methylcytidine, 5-methylcytidine, N6-methyladenosine, 

7-methylguanosine, 5-methylaminomethyhiridine, 5-methoxyaminomethyl-2- 
thiouridine, ftDnmannosylqueosine, 5-methoxycarbonylmethyluridine, 5-methoxy- 
uridine, 2-methyltteo-N6-isopentenyladenosine, N-((9-j8-D-ribofixranosyl-2-methyl- 
thiopurine-6-yl)carbamoyl)threonine, N-((9-/3-D-ribofuranosylpxirine-6-yl)N-methyl- 
10 carbamoyl)threonine, unidine-5-oxyacetic acid methyiester, uridine-5-oxyacetic acid, 
wybutoxosine, pseudouridine, queosine, 2-thiocytidine, 5-methyl-2-thiouridine, 

2- thiouridine, 2-thiouridine 3 5-methyluridine, N-((9-j8-D-ribofuranosylpiirine- 
6-yl)carbamoyl)threonine, 2 , -0-methyl-5-methyluridine, 2 ! -0-methyluridine, 
wybutosine, and 3 -(3-amino-3 -carboxypropyl)xHidine. Any nucleotide backbone may 

15 be employed, including DNA, RNA (although. KNA is less preferred than DNA), 
modified sugars such as carbocycles, and sugars containing 2' substitutions such as 
fluoro and methoxy. Any of the internucleotide bridging phosphate residues of a 
polynucleotide probe molecule of the present invention may be modified phosphates, 
such as methyl phosphonates, methyl phosphonothioates, phosphoromorpholidates, 

20 phosphoropiperazidates and phosphoramidates (for example, every other one of the 
internucleotide bridging phosphate residues may be modified as described). A probe 
molecule of the present invention may be a "peptide nucleic acid" such as described in 
P. Nielsen et al> Science 254, 1497-1500 (1991), 

A probe molecule of the present invention may be selected substantially 

25 complementary to a sense or antisense strand of a specific polynucleotide which 
encodes a specific combination of at least two variable region segments of the antigen 
receptor chain via discontinuous nucleic acid sequences, or most preferably, via a 
continuous nucleic acid sequence thereof. One of ordinary skill in the art will possess 
the necessary expertise for selecting a probe set of the present invention which 

30 includes probe molecules substantially complementary to a sense or antisense strand 
of a specific polynucleotide which encodes a specific combination of at least two 
variable region segments of the antigen receptor chain via a discontinuous nucleic 
acid sequence. 
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When aligned for maximum complementarity, the maximum percentage of 
mismatched nucleotide bases between the nucleic acid sequence of a single stranded 
polynucleotide probe molecule of the present invention and that of a target analyte 
strand thereof, is preferably 17 %, more preferably 16 %, more preferably 15 %, more 

5 preferably 14 %, more preferably 13 %, more preferably 12 %, more preferably 11 %, 
more preferably 10 %, more preferably 9 %, more preferably 8 %, more preferably 7 
%, more preferably 6 %, more preferably 5 %, more preferably 4 %, more preferably 
3 %, more preferably 2 %, and more preferably 1 %. Most preferably, there are no 
mismatched bases between the nucleic acid sequence of a single stranded 
.10 polynucleotide probe molecule of the present invention and that of a target analyte 
strand thereof, such that their nucleotide sequences are fully complementary. The 
ordinarily skilled artisan will be knowledgeable regarding complementarity 
relationships between nucleotide base pairs, and will recognize that, where a probe 
molecule of the present invention is a single stranded polynucleotide, relaxing the 

15 stringency of the hybridizing conditions will allow sequence mismatches between the 
probe molecule and a target analyte strand to be tolerated, and further, that the degree 
of mismatch tolerated can be controlled by suitable adjustment of the hybridization 
conditions. 

As described hereinabove, a probe molecule of the present invention may be 
20 selected capable of specifically hybridizing with a target analyte strand thereof with 
any of various affinities, depending on the application and purpose. 

A probe molecule of the present invention may be advantageously selected 
capable of specifically hybridizing with a target analyte strand with maximal affinity 
so as to enable optimally stable hybridization therewith under defined conditions, and 
25 thereby optimal detection of hybridization of the probe molecule with a target analyte 
strand thereof. 

A probe molecule of the present invention may be advantageously selected 
capable of specifically hybridizing, under defined conditions, with a target analyte 
strand thereof with the same, or about the same affinity, as the specific hybridization 
30 of one or more of the other probe molecules of the probe set with their target analyte 
strands. It will be appreciated that such affinity matching can be used for 
quantitatively comparing the representation of distinct analyte strands in a mixture of 
distinct analyte strands of the present invention. 
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As described hereinabove, depending on the application and purpose, a probe 
molecule of the present invention may be selected substantially complementary to any 
of various types of analyte strands of the present invention. In particular, a probe 
molecule of the present invention may be selected substantially complementary to a 
5 sense or antisense strand of a specific polynucleotide which encodes any of various 
specific combinations of at least two variable region segments of the antigen receptor 
chain. 

Preferably, a probe molecule of the present invention is substantially 
complementary to a sense strand, more preferably to an antisense strand, of a 
10 polynucleotide which encodes a specific combination of a V-segment, a D-segment 
and a J-segment. It will be appreciated that in the case of human antigen receptor 
chains the variable region of an immunoglobulin heavy chain, T-cell receptor beta 
chain, or T-cell receptor delta chain may include a D-segment, whereas that of an 
immunoglobulin light chain, T-cell receptor alpha chain, or T-cell receptor gamma 
15 chain will generally not include a D-segment. 

Preferably, a probe molecule of the present invention is substantially 
complementary to a sense or antisense strand of a specific polynucleotide having a 
nucleic acid sequence region which distinctly encodes at least a portion of the amino 
acid sequence, more preferably at least the entire, amino acid sequence of, a 
20 complementarity determining region (CDR), preferably a third complementarity 
deterniining region (CDR3), of the antigen receptor chain. 

Ample information regarding nucleotide sequences, amino acid sequences, 
variable region segment alleles, variable region genes, variable region gene segments, 
genetic polymorphisms, CDRs, and the like, relating to antigen receptor chains is 
25 readily available (refer, for example to: http://imgt.cines.fr), and can be used by one of 
ordinarily skill to practice the various embodiments of the method of the present 
invention according to the teachings of the present invention. 

As is described and illustrated inihe^ Examples section which follows, while 
conceiving the present invention, the present inventors devised a novel classification 
30 method whereby essentially any expressed human T-cell receptor beta chain variable 
region V-segment can be classified as belonging to one of 23 novel human T-cell 
receptor Vbeta-segment groups according to which one of the amino acid sequences 
set forth in SEQ ID NOs: 1-23 corresponds to the third complementarity deterniining 
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region (CDR3) specific portion of the V-segment. Use of this novel classification 
scheme for typing of a human T-cell receptor beta chain specificity repertoire is a 
particularly advantageous feature of the present invention since it obviates the 
excessively cumbersome and complex prior art requirement of typing human T-cell 
5 receptor beta chain V-segments according to each one of the approximately 128 
distinct gene sequences encoding such expressed variable region segments identified 

to date. 

Preferably, a single stranded polynucleotide probe molecule of the present 
invention includes at least one nucleic acid sequence selected from SEQ ID NOs: 24- 
10 60 or, less preferably antisense sequences thereof. More preferably, a single stranded 
polynucleotide probe molecule of the present invention includes: (i) a nucleic add 
sequence selected from SEQ ID NOs: 24-46 or, less preferably, antisense sequences 
thereof; (ii) a nucleic acid sequence selected from the set of nucleic acid sequences of 
SEQ ID NO: 47 or, less preferably antisense sequences thereof; and/or (in) a nucleic 
15 acid sequence selected from SEQ ID NOs: 48-60 or, less preferably, antisense 
sequences thereof. More preferably, a single stranded polynucleotide probe molecule 
of the present invention includes: (i) a nucleic acid sequence selected from SEQ ID 
NOs- 24-46 or, less preferably, antisense sequences thereof; (ii) a nucleic acid 
sequence selected from the set of nucleic acid sequences of SEQ ID NO: 47 or, less 
20 preferably, antisense sequences thereof; and (iii) a nucleic acid sequence selected 
from SEQ ID NOs: 48-60 or, less preferably, antisense thereof. More preferably a 
single stranded polynucleotide probe molecule of the present invention comprises a 
nucleic acid sequence which includes, in one contiguous sequence from 5' to 3>, a 
nucleic acid sequence selected from SEQ ID NOs: 24-46, a nucleic acid sequence 
25 selected from the set of nucleic acid sequences of SEQ ID NO: 47, and a nucleic acid 
sequence selected from SEQ ID NOs: 48-60. 

As is described and illustrated in the Examples section which foUows (refer to 
Table 1 in particular), the nucleic acid sequences of SEQ ID NOs: 24-46 are 
complementary to antisense sequences of polynucleotides encoding carboxy terminal 
30 portions of human T-cell receptor Vbeta-segments belonging to specific groups of the 
above described novel human T-cell receptor Vbeta-segment groups, where such 
carboxy terminal portions essentially consist of, or essentially include, CDR3 specie 
portions of such variable region segments. As such, single stranded polynucleotide 
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probe molecules of the present invention which include a sequence selected from SEQ 
ID NOs- 24-46, or antisense sequences thereof, can be used, according to the 
teachings of the present invention, for typing human T-cell receptor beta chains 
according to a specific combination of at least two variable region segments mcludmg 
a V-segment thereof, where such V-segment is typed according to the novel human T- 
cell receptor Vbeta-segment group classification of the present invention. As is also 
described and illustrated in the Examples section which follows (refer to Table 2 in 
particular), the nucleic acid sequences of SEQ ID NOs: 48-60 are complementary to 
antisense sequences of polynucleotide sequences encoding amino terminal portions of 
human T-cell receptor beta J-segments where such amino terminal portions essentially 
consist of, or essentially include, CDR3 specific portions of such variable region 
segments. As such, single stranded polynucleotide probe molecules of the present 
invention which include a sequence selected from SEQ ID NOs: 48-60, or antisense 
sequences thereof, can be used, according to the teachings of the present invention, 
for typing human T-cell receptor beta chains according to a specific combination of at 
least two variable region segments including a J-segment thereof. As is further 
described and illustrated in the Examples section which follows, the nucleic acid 
sequences of SEQ ID NO: 47 are complementary to antisense sequences of 
polynucleotides encoding human T-cell receptor beta D-segments. As such, single 
stranded polynucleotide molecules of the present invention which include a sequence 
selected from the nucleic acid sequences of SEQ ID NO: 47, or antisense sequences 
thereof, can be used for typing human T-cell receptor beta chains according to a 
specific combination of variable region segments including a D-segment mereof. 

As is described and illustrated in the Examples section which follows (refer to 
Figure 3), a probe set of the present invention which comprises a plurality of probe 
molecules each of which including in one contiguous sequence from 5' to 3', a 
nucleic acid sequence selected from SEQ ID NOs: 24-46, a nucleic acid sequence 
selected from the set of nucleic acid sequences of SEQ ID NO: 47, and a nucleic acrd 
sequence selected from SEQ ID NOs: 48-60 can be used, according to the teachings 
3 of the present invention, for optimally typing a human T-cell receptor beta chain 
specificity repertoire (refer to Figure 3). Table 3 of the Examples section below hsts 
representative examples of single stranded DNA probe molecules of the present 
invention (SEQ ID NOs: 61-73) which include in one contiguous sequence from 5' to 
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3', the nucleic acid sequence of SEQ ID NO: 24, a nucleic acid sequence selected 
from the set of nucleic acid sequences of SEQ ID NO: 47, and a nucleic acid sequence 
selected from SEQ ID NOs: 48-60. By way of example, the single stranded DNA 
probe molecules described in Table 3 can be used, according to the teachings of the 
present invention, for typing human T-cell receptor beta chains according to a specific 
combination of variable region segments which includes: (i) a V-segment with CDR3 
specific amino acids essentially consisting of cysteine residue at the carboxy terminus 
of the V-segment (i.e., belonging to novel Vbeta segment group No. 1 (refer to Table 
1 of the Examples section below); and (h) one of thirteen Jbeta segments, 
j . As described hereinabove, the probe set may include any of various numbers 

of distinct probe molecules, depending on the application and purpose. 

Preferably, the probe set includes a number of probe molecules selected from 
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 25 
distinct probe molecules of the present invention, or selected from a range of 26-30, 
5 31-35, 36-40, 41-45, 46-50, 51-55, 56-60, 61-65, 66-70, 71-75, 76-80, 81-85, 86-90, 
91-95*, 96-100, 101-150, 151-200, 201-250, 251-300, 301-350, 351-400, 401-450, 
451-500, 501-550, 551-600, 601-650, 651-700, 701-750, 751-800, 801-850, 851-900, 
901-950, 951-1,000, 1,001-1,100, 1,101-1,200, 1,201-1,300, 1,301-1,400, 1,401- 

1 500, 1,501-1,600, 1,601-1,700, 1,701-1,800, 1,801-1,900, 1,901-2,000,2,001-2,100, 
20 2101-2,200, 2,201-2,300, 2,301-2,400, 2,401-2,500, 2,501-2,600, 2,601-2,700, 2,701- 

2 800, 2,801-2,900, 2901-3000, 3,001-3,500, 3,501-4,000, 4,001-4,500, 4,501-5,000, 
5 ',00l'-5,500, 5,501-6,000, 6,001-6,500, 6,501-7,000, 7,001-7,500, 7,501-8,000, 8,001- 
8500, 8,501-9,000, 9,001-9,500 or 9,501-9,776 probe molecules of the present 
invention. More preferably, the probe set includes about 9,776 distinct probe 

25 molecules of me present invention. Most preferably, the probe set includes 9,776 
distinct probe molecules of the present invention. 

As used herein the term "about" refers to plus or minus 10 %. 
As is described and illustrated in the Examples section which follows, a probe 
set of the present invention which includes 9,776 distinct probe molecules can be used 
30 for optimally typing a human T-cell receptor beta chain specificity repertoire. 

As described hereinabove, exposing the probe set to the analyte strand and 
measuring hybridization of the analyte strand with probe molecules of the present 
invention may be effected in any of various ways, depending on the application and 
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purpose. 

Preferably, the probe set is exposed to the analyte strand sample in such a way 
as to enable specific hybridization of probe molecules of the probe set with target 
analyte strands thereof present in me analyte strand sample, and to enable subsequent 

5 measurement of such hybridization. 

When using the method of the present invention for qualifying a specificity 
repertoire of the present invention with respect to a reference specificity pattern of the 
present invention, the exposure step is preferably effected in such a way as to 
optimally enable such qualification. When using the method of the present invention 
10 for identifying a reference specificity pattern of tire present invention, the exposure 
step is preferably effected in such a way as to optimally enable such identification. It 
will be appreciated that to optimally enable such specificity pattern identification or 
specificity repertoire qualification, the exposure step may be advantageously effected 
in such a way as to preferentially enable hybridization of specific analyte strands of 
15 the analyte strand sample. Such preferential hybridization may be achieved by the 
skilled artisan by selecting suitable hybridization conditions during me exposure of 
the probe set with the analyte strand sample. 

The probe set can be exposed to the analyte strand sample in solution by 
forming a set of solutions each of which containing one or more analyte strands of the 
20 analyte strand sample and one or more distinct probe molecules of the probe set, such 
that each distinct probe molecule of the probe set is contained in at least one, more 
preferably only one, solution of the set of solutions. Preferably, each solution of such 
a solution set is formed under hybridization conditions suitable for enabling specific 
hybridization of probe molecules with target analyte strands thereof contained therein. 
25 It will be well within the purview of one of ordinary skill to select such 

suitable hybridization conditions. Ample guidance for selecting such hybridization 
conditions is provided in the literature of the art (refer, for example to: U.S. Pat. No. 
6,551,784; U.S. Pat No. 4,358,535 to Falkow et al and other U.S. Patent references 
citing the same). 

30 Any of various methods known to one of ordinary skill in the art may be 

employed for measuring the hybridization of probe molecules of the present invention 
with target analyte strands thereof in a solution. Such methods include, for example, 
fluorescence resonance energy transfer (FRET) based methods. Ample guidance for 
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practicing such FRET based methods is available in the literature of the art (see, for 
example-. Gakamsky D. et a,., "Evaluating Receptor Stoichiometry by Fluoresc«ce 
Resonance Energy Transfer," in "Recnptors: A Pmctical Approach," 2nd ed„ Stanford 
C and Horton R., ed,, Oxford University Press, UK. (2001); for high mroughpn, 
; apptications of FRET refer, for example, to: Stenroos K. and Hurskainen P. 1998. 
Cytokine 495:5; and Kane SA. et at., 2000. Anal. Biochem. 278:29). 

Preferably, the probe set of the present invention is bound to a support so as to 
form a probe artay, such as a microarray. An example of a probe array is illustrated m 
Rsore 4 Probe array 30 includes a support 32 which can be fabricated torn glass 
0 and shaped so as to form an upward-facing planar surface. Support 32 includes a 
plurality of addressable locations (each indicated by 35) which can be configured as 
w eUs, microwells, or areas delineated by grid etchings. Each probe molecule or 
distinct snbset of probe molecules 34 of the probe set of tire present invention . 
immobilized to a specific addressable location 36 of probe array 30. Such 
I5 immobilization can be effect via covulen. or non-covalen. interactions between tire 
probe molecules and the surface of the array support or between support bound taker 
molecmesanduteprobemolecules. A detectable label 40 is immobilized to eadi of a 
set of reference addressable locations (each indicated by 45) so aa to prov.de a 
reference point for identifying each addressable location (indicated by 35). 

Various types of probe arrays may be used, depending on the application and 
purpose. Suitable types of probe arrays for pricing me method of the present 
irrvention may be referred to in the art variously as DNA or oligonucleotide 
microatrays, DNA or oligonucleotide chips, or DNA or ongonucleotide biochrps 
Large numbers of distinct analyte strands of foe present invention, may be analyzed 
25 simultaneously using a probe array of the presenf invention, allowing precise high 
mrougbput measurement of foe hybridization of immobilized probe molecules of foe 

present invention with target analyte strands thereof. 

Various methods have been developed for preparing probe arrays. State-of- 

the-art methods involves using a robotic apparatus to apply or "spot" distinct solutions 
confining probe molecules to closely spaed specific addressable locations on foe 

j. 1* a -m i prn cpnnft Slide. 
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surface 
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which is subsequently processed by suitable foennal and/or chemical treatment to 
attach probe molecules to foe surfaco of foe support. Suitable supports may also 
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include silicon, nitrocellulose, paper, cellulosic supports, and the like. 

Ample guidance for obtaining and utilizing a probe array for suitably 
practicing the method of the present invention is provided in the literature of the art 
(for example, refer to: U.S. Pat No. 6,551,784; U.S. Pat. No. 6,251,601; Forster et al, 
5 2003. J Endocrinol. 178:195-204; Howbrook et al, 2003. Drug Discov Today 8:642- 
51; Xiang et al, 2003. Curr Opin Drug Discov Devel. 6:384; Hardiman G., 2003. 
Pharmacogenetics 4:251). Custom designed arrays can be purchased from 
commercial suppliers [for example, Asymetrix, Santa Clara, USA; or Agilent 

Technologies, Palo Alto, USA). 
10 The probe array may include the plurality of addressable locations at any of 

various surface densities, depending on the application and purpose. 

A probe array of the present invention which includes specific addressable 
locations at a surface density of at least 625 specific addressable locations per square 
centimeter thereof may be advantageously used to practice the method of the present 
15 invention. 

By virtue of being practicable using a probe array having a support including 
the plurality of addressable locations at a surface density of at least 625 specific 
addressable locations per square centimeter, the method of the present invention may 
be practiced at high throughput rates and volumes, and as such is advantageous over 
20 prior art methods of typing the variable region of the specific variant of the antigen 
receptor chain. 

In addition to probe molecules of the probe set, the array may advantageously 
include control probe molecules. Such control probe molecules may include 
normalization control probes, and/or expression level control probes. 
25 Normalization control probes are probe molecules that are perfectly 

• complementary to labeled reference oligonucleotides mat are included in the 
hybridization solution. The signals obtained from the normalization control probes 
after hybridization provide a control for variations in hybridization conditions, label 
intensity, "reading" efficiency and other factors that may cause the signal of a perfect 
30 hybridization to vary between arrays. For example, signals, such as fluorescence 
intensity, read from all other probe molecules of the probe array are divided by the 
signal (e.g., fluorescence intensity) from the normalization control probes thereby 
normalizing the measurements. 
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Since hybridization efficiency varies with base composition and probe length, 
polynucleotide normalization control probes may be selected to reflect the average 
length of single stranded polynucleotide probe molecules of the present invention, or 
multiple normalization control probes may be selected to cover a range of lengths of 
5 single stranded polynucleotide probe molecules of the present invention. 
Normalization control probes may be selected to reflect the base composition of the 
probe molecules of the probe set. Preferably, normalization control probes are 
incapable of substantially hybridizing with an analyte strand of the analyte strand 
sample. Normalization control probes can be bound to various addressable locations 
10 the probe array to control for spatial variation in hybridization efficiently. Preferably, 
normalization control probes are located at the corners or edges of the array to control 
for edge effects, as well as in the middle of the array. 

Expression level control probes are probe molecules that hybridize specifically 
with polynucleotides derived from housekeeping gene mRNA expressed in the cells 
15 from which mRNA was used to derive an analyte strand sample of the present 
invention, and may therefore be used to provide a normalization reference for 
comparing expression levels of different variants of the antigen receptor chain. 
Suitable housekeeping genes include the genes for beta-actin, transferrin receptor, 
GAPDH, and the Hke. 

20 Any of various numbers of distinct probe molecules of me present invention or 

distinct subsets of probe molecules of the present invention may be attached to a 
specific addressable location of the probe array, depending on the application and 
purpose. 

Preferably, each probe molecule, or distinct subset of probe molecules of the 
25 present invention, which is attached to a specific addressable location of the array is 
attached independently to at least two, more preferably to at least three separate 
specific addressable locations of the array in order to enable generation of statistically 
. robust data when performing the hybridization measurement step of the method. 

Preferably, exposing an array-immobitized probe set of the present invention 
30 to the analyte strand sample is effected according to the protocol set forth in the 

Examples section below. 

As described hereinabove, the method may be effected using any of various 

types of samples of analyte strand, depending on the application and purpose. 
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Exposing the probe set to the analyte strand may be effected by exposing the 
probe set to a sample of analyte strands of the present invention (referred to 
hereinafter as "analyte strand sample") which may be composed of any of various 
homogeneous or heterogeneous populations of distinct analyte strands of the present 

invention. 

It will be appreciated that for typing the specificity of a plurality of distinct 
variable region variants of an antigen receptor, such as a specificity repertoire of the 
present invention, the analyte strand sample will preferably include a number of 
distinct analyte strands suitably representing the repertoire. 
0 The memod of the present invention may be practiced using any of various 

types of analyte strand. 

Preferably, the analyte strand is an antisense strand of the analyte 
polynucleotide, more preferably a complementary DNA (cDNA) strand of the 
polynucleotide. 

As is described and illustrated in the Examples section which follows, the 
method of the present invention may be successfully practiced using an analyte strand 

which is a cDNA molecule. 

The analyte strand may be a sense or antisense strand of a polynucleotide 
encoding any of various portions of the variable region of an antigen receptor chain 
which may be of any of various types and/or which may be derived from a vertebrate 

organism of any of various species. 

The antigen receptor chain is preferably a T-cell receptor chain, more 

preferably a T-cell receptor beta chain. 

Alternately, the antigen receptor chain may be a T-cell receptor alpha chain, a 
T-cell receptor gamma chain, a T-cell receptor delta chain, an immunoglobulin heavy 
chain (e.g., a gamma, mu, alpha, delta or epsilon isotype heavy chain), or an 
immunoglobulin light chain (e.g., kappa or lambda light chain). 

Preferably, the vertebrate organism is a mammal, most preferably a human. 
As is illustrated and described in the Examples section which follows, the 
method of the present invention may be effectively practiced where the antigen 
receptor chain is human T-cell receptor beta chain. 

The analyte strand may be obtained from any of various cell types, depending 

on the application and purpose. 
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In the case where the antigen receptor chain is a T-cell receptor chain, the cells 
will generally be lymphocytes, and in the case where the antigen receptor chaui rs 
an immunoglobulin chain, the cells will preferably be B-lymphocytes, such cell types 
normally expressing such respective antigen receptor chain types. Alternately, the 
cells may be of any type which includes a polynucleotide encoding at least a portion 
of the variable region of the antigen receptor chain as a result of geneuc 
transformation. 

The cells are preferably primary cells derived fan the organism. Alternately, 

the cells may be derived ftom cultured cell lines. 

The cells may be derived ftom any of various body parts/fluids of the 

organism, depending on me application and purpose. Preferably, me cells are derived 
ftom peripheral blood of the organism, more preferably ftom peripheral blood 

mononuclear oells (PBMCs). 

B will be appreciated (bat peripheral blood is normally the most convement, 
15 safe and non-invasive source ftom which to obtain si*uflcan« numbers of 
lymphocytes ftom an organism. Peripheml blood mononuclear ceus (PBMCs) may 
be conveniently isolatod ftom periphera! blood using standard density gradrent 
cenuifugation methods, such as discuntinuous density gradient centrifugation over a 
Ficoll cushion. Peripheral blood mononuclear cells of a desired type may also be 

20 isolated from blood via leukopheresis. 

Alternatively, tire ecUs maybe derived ftom a body fluid of the organism such 
as synovial fluid, cerebrospinal fluid, lymph, bronchioalveolar lavage flmd, 
^intestinal secretions, saliva, urine, feces, or laerymal secretion. The cells may 
be derived ftom any of various tissues of the organism, fcr example, ftom a tissue 
25 biopsy. When typing a specificity retire so as to identify a specificity patter 
relating to a particular disease, the selection of an appropriate cell source wrU be 
apparent to those of ordinary skill. In particular, when typing a specificity repertmre 
. „f the present invention so as to identify a specificity pattern relating to a dtsease 
affecting a specific body part/fluid of the organic Ore eefls may be advantageous 
30 derived ftom such a body part/fluid, of tire organism For example, to identify a 
specificity pattern relating to an autoimmune disorder affecting the jonus (for 
example, rheumatoid arthritis), synovial fluid of fce organism will be tire preferred 
source for the cells, or to identify a specificity pattern relating to a hepatic disease (for 
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example, hepatitis, or primary biliary cirrhosis), liver tissue is an advantageous tissue 

from which to derive the cells. 

The analyte strand may be derived directly from a mixed population of cells, 
such as non-fractionated PBMCs, or it may be derived from isolated B-lymphocytes 
5 or T-lymphocytes. Lymphocytes displaying any desired surface marker may be 
effectively isolated from a cell suspension, such as a PBMC suspension, by vanous 
common art techniques, such as fluorescence activated cell sorting (FACS), magnetic 

cell sorting (MACS), inter alia. 

Preferably, in order to type a specificity repertoire of the present invention, a 
10 sufficient number of cells are obtained from the organism so as to derive therefrom a 
an analyte strand sample of the present invention suitably representing such a 
repertoire. One ordinarily versed in the art will possess the required expertise for 
deternuning a suitable number of cells from which to derive such an analyte strand 
sample. Where the antigen receptor chain is human T-cell receptor beta cham, a 
15 suitable number of peripheral blood mononuclear cells (PBMCs) which may be 
harvested from an individual to obtain an analyte strand sample adequately 
representing the repertoire of this chain in the individual is about 50 million cells to 
500 million cells, more preferably about 1 00 million cells. 

As is described and illustrated in the Examples section below, T-cell receptor 
20 beta specificity repertoire of a human individual may be conveniently typed according 
to the teachings of the present invention using 100 million PBMCs harvested from the 
individual- 

In cases where the number of the cells of the present invention which maybe 
obtained is restricted to suboptimally low numbers, any of various methods 
_ .only practiced by the ordinarily skilled artisan may be employed for m-vitro 
expansion of such limited numbers of such cells. In the case of T-lymphocytes, such 
methods include, for example, stimulation with immobilized or cross-linked anti-CD3 
. antibodies (optionally in conjunction with stimulation with anti-CD28 antibodies), 
phytohemagglutinin (PHA), concanavalin (ConA), or pokeweed mitogen (PWM), any 
30 of which optionally followed by IL-2 stimulation. Where the cells of the present 
invention are B-lymphocytes, such methods include, for example, stimulation with 
pokeweed mitogen (PWM) or bacterial lipopolysaccharide (LPS). 

The analyte strand may be derived from cellular polynucleotides using any of 
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various methods commonly practiced inle art, depending on the application and 

purpose. j.j 
A cDNA analytestrand of the present invention may be conveniently derived 

from cells by isolation of total mKNA thereof, and by using the mRNA as a template 
for reverse transcription of the cDNA analyte strand. Preferably, reverse transcription 
is effected using a primer or primers suitable for reverse transcribing a particular 
cDNA analyte strand. For example, a suitable primer for reverse transcribing from 
human mRNA a human T-cell receptor beta chain cDNA analyte strand is set forth 
under SEQ ID NO: 74. Suitable primers for generating a cDNA analyte strand 
0 representing any of various specific types or subsets of antigen receptor cham will be 
known to the skilled artisan (for example, refer to: Kiippers et at., 1993. EMBO J. 
12:4955-67; Roers et «/., 2000. Am J Pathol. 156:1067-71; Willenbrock et al, 2001. 
Am J Pathol. 158:1851-7; Muschen et al, 2001. Lab Invest. 81:289-95). 

Memods of isolating total mRNA from cells, such as those of the present 
15 invention, are well known to those of skill in the art [refer, for example, to: Chapter 3 
of Laboratory Techniques in Biochemistry and Molecular Biology: Hybridization 
With Nucleic Acid Probes, Part L ^eory and Nucleic Acid Preparation, P. Trjssen, 
ed Elsevier, NY. (1993); and Chapter 3 of Laboratory Techniques in Biochemistry 
• and Molecular Biology Hybridization With Nucleic Acid Probes, Part I, Theory and 
20 Nucleic Acid Preparation, P. Tijssen, ed. Elsevier, N.Y. (1993)]. 

Non specific mRNA may be eliminated from an RNA sample accordmg to 
various commonly practiced techniques so as to decrease background signal and 
improve sensitivity of the hybridization measurement (refer, for example, to: for 
example, refer to: U.S. Pat. No. 6,551,784). 
25 Preferably, a cDNA analyte strand of the present invention is obtained as 

described in the Examples section which follows. 

Optionally, an analyte strand of the present invention may be obtained by 
polymerase chain reaction (PGR) amplification ftom a polynucleotide using suitable 
primers, as described hereinbelow, and as described in the Examples section which 
30 follows. It will be appreciated that PCR amplification may be advantageously 
. employed in order to amplify and/or modify the analyte strand, depending on the 
. application and purpose. One of ordinary skill in the art will possess the necessary 
expertise for performing PCR amplification of an analyte strand of the present 
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invention fiom a po.ynucteotide. Sm«ab.e primers ** «■"*«« * — « -*T 
^4 of a polynucleotide encoding a desired type of antigen receptor or portion 
and guilce for their use win be .mown ,0 A. skiUefi artisan (refer for 

rrn^pp- - *. »»■ ^° i2;4955 - 6,; ^ * * 2oo °- r 

Z l^lO* 7" ; WiUenbroek e, a,, 2001. A- 1 153:18 

al , 2001. Lab mvesf 81:289-95). In order to amplify an anaiyte ^« 

tendon .on, a polynudeotide encoding a human imuruno 

j ia„^k, OT 1998 Tmmunotechnology 3:271-8, and Wang 
example, to: Sblattero and Bradbury, f»- nnmuu 

and Stollar, 2000. J fininunot Methods. 244:217-25. molMcati on 
One of skill in tie art will appreciate that when perfbmung PGR amplication 
of a sample of heterogeneous anaiyte attend, of fhe present invention, care nmstbe 
LntoLamemodmatmaintains or controls frr me relative fibres of ^tinc, 
anaiyte ateands in such a sample * achieve quantitative amplification of such a^d. 
Methods of "quantitative" amplification are well known to .hose of sbll » the 
15 «t For example, «— involves simultaneously co-an^lifying know. 

of internal standards mat may be used » calibrate me PCR Detected 

^ for quantitative PCR are provided in me fixture of fhe art, 

Ler to "PCR Protocols, A Guide to Methods and Applications", Innts * a/., 

Academic Press, Inc. New York, (1990). ,.,.<,„ 

As is described and illustrated in me Examples section whrch foUows, fhe 
m e<h„d of the present invention may be successful practice where me anaiyte 
strand is a PCR amplified cDNA molecule. 

Preferably, me anaiyte attend is conjugal wim a detectable label so as te 
e^le measurement of hybridization fh*eof wim a probe molecule of me present 
random The anaiyte sttand may be conjugated wfih any of varrous typ« of 
detectable labds, depending on fhe appficafion and purpose, » any of vanous 
suitable methods known to one of oriinarysMl in the art 

While fhe anaiyte sttand may be conjugated with any of varrous types 
detectable labels', fhe label is preferably a fluorophore. 

P^y, the fluorophore is Cy5. Alternately, the fluorophore may be any of 
various fluorophores, including Cy3, fluorescein isomiocyanate (FTTC) 
pnycoerydtfin (PE), rbodamine, Texas red, and me like. Aa is desccbed and 
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illustrated in the Examples section below, the method may be performed using Cy5 as 
the fluorophore. Ample general guidance regarding fluorophore selection, and 
xnethods of conjugating a fluorophore to a polynucleotide such as the analyte strand, 
is available in the literature of the art [refer, for example, to: Richard P. Haugland, 
, "Molecular Probes: Handbook of Fluorescent Probes and Research Chemicals 1992- 
1994 " 5th ed., Molecular Probes, Inc. (1994); Hennanson, "Bioconjugate 
Techniques", Academic Press New York, NY. (1995); Kay M. et al, 1995. 
Biochemistry 34:293; Stubbs et al, 1996. Biochemistry 35:937; U.S. Pat. No. 
6 350 466 to Targesome, Inc.; U.S. Pat. No. 6,037,137 to Oncoimmunin Inc.]. For 
0 specific guidance regarding conjugating of a DNA molecule, such as a DNA analyte 
strand of the present invention, with a fluorophore in the context of hybridization 
xnicroarray applications, such as the method of the present invention, refer, for 
example, to Richter et al, 2002. Biotechniques 33(3):620. 

Alternately, the analyte strand may be conjugated with a label such as a 
15 radioactive atom ("radiolabel"; for example, 3-hydrogen, 125-iodine, 35-sulfur, 14- 
carbon, or 32-phosphorus), an enzyme which catalyzes a reaction resulting in a 
chromogenic substrate, ("enzymatic label"), colloidal gold, or any other suitable 
detectable label. For a detailed review of methods of conjugating a polynucleotide, 
such as the analyte strand, with a suitable detectable label for practicing the method of 
20 the present invention, and for detecting such labels in the context of the present 
invention, refer, for example, to Laboratory Techniques in Biochemistry and 
Molecular Biology, Vol. 24: Hybridization With Nucleic Acid Probes, P. Tijssen, ed. 
Elsevier, N.Y., (1993). Detectable labels suitable for use in the present invention 
. include any composition detectable by spectroscopic, photochemical, bxochemxcal, 
25 immunochemical, electrical, optical or chemical means. Patents teaching the use of 
suitable detectable labels include U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939,350; 
3 996,345; 4,277,437; 4,275,149; and 4,366,241 . 

Examples of suitable enzymatic detectable labels for practicing the method of 
i^,H e horseradish peroxidase (HRP) beta-galactosidase, and 



30 alkaline phosphatase (AX). ™p«= ^ ua "^ " J 

enzymatic detectable labels for practicing the method of the present invention is 
provided in the Uterature of the art (for example, refer to: Khatkhatay ML and Desai 
M 1999. J Immunoassay 20:151-83; Wisdom GB., 1994. Methods Mol Biol. 32:433- 
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40; Isbikawa B. - * «3- > — » 4:209 " 327; °* d * ^Jf ,« I 

_ , iQ.ioa oar- ^chuurs AH. and van Weemen BK., J 
Chem Clin Biochem. 18:197-208, bcnuurs 

Immunoassay 1:229-49). 

Depending on the application and purpose, the analyte strand may be 
c^jngated wirh foe 1M dnring any of the various stages of Ore method of me present 
invention, and via any of various means well known to those of skill in the art. 

Prferably, the analyte strand is conjugated with the label prior to exposure of 

the probe set to the analyte strand. 

For conjugating the analyte strand with the detectable label prror to Are 
, exposure step of the method of the present invention, the detectable label is preferably 
oonjugated with the analyre strand via at leas, one nucleotide base of tire analyte 
which is suitably modified so as to be conjugate with the detectable label 
The base modification is preferably one enabling covalent conjugation of the 
m odified base with the deteotable label. Preferably, the modified base rs 5-(3- 
l5 aminoaUyl>2'-deoxyuridme 5' triphosphate (AA-dlTO). Alternately, any omer 
suitable modified base may be employed for such covalent conjugation. 

The modified base is preferably incorporated into the analyte strand durmg 
polymerization synthesis of the analyte strand (for example, during reverse 
.renscription in the case of a cDNA analyte stiand of the present invention, or dunng 
20 PCRampUficationofananalytestrandofthepresentinvention). 

As is described and illustrated in the Examples section below, incorporating 
AA-dUTP into a cDNA analyte strand of the present invention during reverse 
Option synthesis thereof followed by chemical conjugation of Cy5 to the 
m odified base can be used to produco an analyte stiand of the present invention which 
25 to oovalently conjugated to Cy5, and which can be employed to effectively practice 
the method of the present invention. • 

Alternatively, tire analyte strand may he conjugated with tire label followmg 
• hybridisation of me analyfe stinnd with a probe molecule Of me present invention. 

Such post hybridization conjugation may be conveniently achieved via any of vanous 
30 memods weU known to the skilled artisan, for example, by perfemung the exposure 
step of the method of the present invention using a biotinylated analyte stiand of the 
present invention Mowed by labeling of me probe molecule hybridized analyfe 
strand with an avidin coupled detectable label. 
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Any of various methods may be employed for detecting hybridization of a 
probe molecule of the present invention with a target analyte strand of the present 
invention, depending on the application and purpose. 

As described hereinabove, the analyte strand is preferably conjugated with a 
5 detectable label of me present invention so as to enable measurement of hybridization 
thereof with a probe molecule of the present invention. 

Means of detecting a detectable label of the present invention are well known 
to those of skill in the art [refer, for example to: Biochemistry and Molecular Biology, 
Vol 24- Hybridization With Nucleic Acid Probes, P. Tijssen, ed. Elsevier, N.Y., 
10 (1993)' and U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437; 
4 275 U9- and 4,366,241]. For example, a fluorophore detectable label may be 
detected using a photodetector to detect emitted light, a radioactive detectable label 
may be detected using photographic film or a scintillation counter, an. enzymatic 
detectable label may be detected by exposing the enzyme label to its substrate and 
15 detecting the reaction product produced by the action of the enzyme on the substrate, 
and a colloidal gold label may be detected by measuring light scattenng thereby. 

Preferably, a fluorophore detectable label of the present invention is detected 
according to the guidelines described in the Examples section which follows. 

Preferably, the measurement step of the method of the present invention is 
20 effected by measuring a collective hybridization of the analyte slxand with each 
distinct probe molecule of each distinct subset of probe molecules of a group of 
distinct subsets of probe molecules of the probe set. 

Thus data derived from detection of me detectable label following the 
exposure step of the method provides a measure of the hybridization of analyte 
25 strands of the analyte strand sample with a probe molecule or distinct subset of probe 

molecules of the present invention. 

As described hereinabove, wnen using the method for typing the specificity 
repertoire of the antigen receptor chain of an individual, the specificity repertoire may 
be qualified by comparison to a reference specificity pattern which correlates with a 
30 phenotype related to an antigen associated disease so as to optimally qualify the 
individual with respect to the phenotype, and hence to optimally enable medical 
management of the disease in the individual. Furthermore, as described hereinabove, 
when using the method for typing the specificity repertoire of the antigen receptor 
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in a group of individual sharing a^enotype related «o an anrigen assoenUed 
asease, .he method of the present invention optinraUy enables *e novo ratification 
of such a reference specificity pattern which correlates with such a disease 

Nnmerous patten, of antigen receptor chain specificities are .mown ti> 
, cortelate with phenotypes related to wide range of differ^ »pes o, antigen 
«d*d disease, For example, tire occurence of T-,ymphocytes whose 
„ inclnde stifle Vbeta seg.cn* is associated ™th oc_ of ~ 
2 as: mati^an. disease including various types of CML (Zhang YP. at * «tt 
Zhongsro Shi Yan Xue Ye Xue Za Zhi. .0:122-5), and non Hodgkrn's lymphoma (Lu 
„ ^ 2002. Zhongguo Sbi Yan Xue Ye Xue Za ZM. .0:119-2.); infectious 
Hes ^ as human immunodeficiency virus (HIV) induced ac,u^ 
Lnnodeficieney syndrome (AE3S; Marches „. a, a)., 1997 ^Chn tanmm 1 
tannnopatitol. 82:174-89), chronic human Chagaa' disuse (Fenrandez-Mestre MT. 
* al 2002. Tisane Antigens 60:10-5), chronic hepatitis C (Kasbii Y. et al 1997. 
u Hi. 26:462-70), otitis media (Tafceuchi K. et * 1996. Ann O tol Pdunn. 
JUo. .05:213-7) and ehronie hepatitia B (Don HY. - al, 1998. , Bromed S» 

^ ^ i-r? ^ /,/ 1QQ9 Immunogenetics 49.704- /ZJ, 
Med I (Engl). 115:856; Osman GE. e< al., 19!». rnrm g 

«. n ioos I Autoimmun. 11:621-33), lupus nephnus 
myasthenia gravis (Navaneetham D. 1998. J Autoimmun / 

» (Sutinuuer M. e, a,., 1998. Immunology 95:18), Sjogren's syndrome (Yamamoti, T. 
^998 Eur J Dermatol. 8:248), IgA nephropatiry (Muro K. e> a,., 2002. Nephron 
W.56-63) and autoimmune hepatitis (Area, M. - at., 1998. , Hepatol. 28:70); afler*c 
diseJsudh as hypersensitivity pneumonitis (Trentin L. - 1. 1997. Am R«P» 
Crit Care Med. 155:587); inflammatory diseases such as sarcoidosis (Trentin L.etal, 
25 !997. Am , Respir Crit Care Med. .55:587), primary biliary cirrhosis (Mayo MT - 
* .996. Hepatology 24:1 148-55; Ohmoto M. at a,., .997. Myology 25:33^0 
W arteritis (Seho Y. et al, 1996. Circulation 93:.788), 

, , nQO tji^j Q4-1374-82), and inclusion body 
lymphohistiocytosis (Nagano M. et al, 1999. Blood 94.2374-bz), 

tis fFvbr IM «f a/ 1998. J Neuroirnmunol. 91:129-34); and transplantation 

30 led dies such as Activity to ^^™^TZ7^ 
al 1996. Transplantation. 62:1332), cardiograft rejection (Oaks et ai, 1995. Am J 
Med Sci. 309:26-34), and porcine xenograft rejection in humans (Chen M. et al, 
1999. Transplantation 68:586-9). 
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Furthermore, numerous patterns of antigen receptor chain specificities are 
known to correlate with occurrence of tumor infiltrating lymphocytes (TILs) 
associated with various malignancies. For example, the occurrence of T-lymphocytes 
whose T-cell receptor beta chains include specific Vbeta segments is associated with 
5 occurrence of tumor infiltrating lymphocytes in malignancies such as oral squamous 
cell carcinoma (Mouri T. et al, 1996. Cancer Immunol Irnmunother. 43:10-8) 
colorectal tumors (Ostenstad B. et al, 1994. Br J Cancer. 69:1078-82), renal cell 
carcinoma (GaudinC. etal, 1995. Cancer Re, 55:685-90), primary gastric malignant 

*T 4. xt a * nl 1QQ5 Virchows Arch. 426:11-8), 
B-cell lymphoma (Yumoto N. et al, 

10 nasopharyngeal carcinoma (Chen Y. et al, 1995. Br I Cancer. 72:117-22), Yamamoto 
Y et al 1993. Cancer Immunol hnmunother. 37:163-8), metastatic melanoma 
(Willhauck M. et al, 1996. Clin Cancer Res. 2:767-72; Zeuthen J. et al, 1995. Arch 
lomiunol Ther Exp (Warsz). 43:123-33), and head and neck cancer (Chikamatsu K. et 
aU 1994 . Jpn J Cancer Res. 85:626-32; Caignard A. et al, 1994. Cancer Res. 

15 54:1292-7). 

Hence since as described in the Examples section which follows, the method 
of the present invention can be used for optimally typing a human individual's 
repertoire of T-cell receptor beta chain specificities in terms of specific combinations 
of at least two variable segments including a Vbeta segment, and since as descnbed 
20 hereinabove, the occurrence of specific T-cell receptor Vbeta segments correlating 
with numerous diseases is well characterized, including for infectious, autoimmune 
allergic, transplantation related, malignant, and inflammatory diseases, the method of 
the present invention can be used, for example, for optimally diagnosing such antigen 
associated diseases in a human individual. One of ordinary skill in me art will possess 
25 the necessary expertise for applying the teachings of me present invention towards 
diagnosis of such diseases in light of the ample art literature available, such as hsted 
hereinabove, regarding the prevalence of specific antigen receptor chain variable 
region segments which correlate wim such diseases, and in light of the teachings of 
the present invention. 

30 to toe case of malignancies, the tnmor infiltrating lymphocyte descnbed 

hereinabove expressing specific T-cell receptor Vbeta segments are wdely 
understood as mediating anti-tumor immunity. Hence, toe metood of toe present 
invention can be used to identify tumor imitating lymphocyte having anti-cancer 
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activity which cells can be expanded Jltvo and teinfused in the context of anti- 
cancer cell therapy. One of ordinary skill in the art will possess the necessary 
expertise for utilizing the teachings of the present invention to perform anch ant,- 

cancer adoptive cell therapy. 

Specific T-cell receptor Vbeta usage has been shown to correlate with antr- 
human immunodeficiency virus (HIV) immune responses in individuals immured 
according to various regimens (Pence V. e, at., 2002. Clin Exp Immunol. 129:429- 
37- Guzman CA. et A, 1988. Eur J Immunol. 28:1807-14). As such, the method of 
the present invention can be used for monitoring responses to therapy for drseaaes 
0 such as acquired immunodeficiency syndrome (AIDS) caused by HIV. 

A* described hereinabove, a novel reference specificity pattern of the present 
invention which correlates with a phenotype related to an antigen associated disease 
may be identified by suitably analyzing the antigen receptor chain specdrctty 
repertoire of a number of individuals which share a phenotype abated wtfh the 
u disease. One of ordinary skill in the art will possess the necessary experflse for 
applying the teaching* of the present invention towards diagnosis of anhgen 
. associated diseases, such as Arose listed above, in light of the ample art literatere 
available, such as listed hereinabove, regarding the prevalence of specific anhgen 
receptor chain variable region segments which correlates with such diseases. One of 
20 ordinary skill in the art will furthermore possess the necessary expertise for analyzmg 
specificity repertoires of an antigen receptor chain, such as specificity repertotres of 
me present invention, so as to identify therein a reference specificity repertoire winch 
correlates whh a phenotype related to an antigen associated disease. Numerous fools 
are available to the ordinarily skilled artisan for effecting such specificity pattern 
25 recognition or partem comparison. Such fools include various computer programs 
including moae employing support veefor machines, fuzzy logic algorithms, arhfictal 
neural networks, principle component analysis, expert systems, clustering algontoas, 
«dfa ofher pattern recognition algorithms. Ample guidance for effecting the above 
described specificity pattern recognition or partem comparison applications of the 
method of the present invention is available in the hterature of me art (refer, for 
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980-41) It will be appreciated that sine* the T-cell receptor is MHC restricted it may 
be advantageous to stratify specificity patterns specific to T-cell receptor chams 
according to the genetic MHC background. The MHC genes of an individual can be 
classified by conventional methods like serum analysis with antibodies, PCR analysxs 
using appropriate primer or by DNA array MHC analysis using appropriate 

oligonucleotide probes. 

Therefore the method can be used adapted for optimizing various aspects of 
the medical management of essentially any of the vast range of antigen associated 
diseases, of which selected examples are provided hereinbelow. 

Examples of autoimmune diseases associated with antibody mediated immune 
responses include, but are not limited to, rheumatoid diseases, rheumatoid 
autoimmune diseases, rheumatoid arthritis (Krenn V. et al, Histol Histopathol 2000 
Jul-15 (3):791), spondylitis, ankylosing spondylitis (Jan Voswinkel et al, Arthritis 
Res 2001- 3 (3)- 189), systemic diseases, systemic autoimmune diseases, systemic 
l5 lupus erychematosus (Erikson J. et al, Immunol Res 1998;17 (l-2):49), sclerosis, 
systemic sclerosis (Renaudineau Y. et al, Clin Diagn Lab Immunol. 1999 Mar,6 
(2)156)- Chan OT. et al, Immunol Rev 1999 Jun;169:107), glandular diseases, 
glandular autoimmune diseases, pancreatic autoimmune diseases, diabetes, Type I 
' diabetes (Zimmet P. Diabetes Res Clin Pract 1996 Oct;34 Suppl:S125), thyroid 
20 diseases, autoimmune thyroid diseases, Graves' disease (Orgiazzi J. Endocrinol 
Metab Clin North Am 2000 Jun;29 (2):339), thyroiditis, spontaneous autoimmune 
thyroiditis (Braley-Mullen H. and Yu S, J Immunol 2000 Dec 15;165 (12):7262), 
Hashimoto's thyroiditis (Toyoda N. et al, Nippon Rinsho 1999 Aug;57 (8):1810), 
myxedema, idiopathic myxedema (Mitsuma T. Nippon Rinsho. 1999 Aug;57 
25 (8) 1759)- autoimmune reproductive diseases, ovarian diseases, ovarian autoimmunity 
(Garza KM. et al, J Reprod Immunol 1998 Feb;37 (2):87), autoimmune anti-sperm 
infertility (Diekman AB. et al, Am J Reprod Immunol. 2000 Mar;43 (3):134), 
• repeated fetal • loss (Tincani A. et al, Lupus 1998;7 Suppl 2:8107-9), 
neurodegenerative diseases, neurological diseases, neurological autoimmune diseases, 
30 multiple sclerosis (Cross AH. et al, J Neuroimmunol 2001 Jan 1;112 (1-2):1), 
Alzheimer's disease (Oron L. et al, J Neural Transm Suppl. 1997;49:77), myasthenia 
gcavis (infante AJ. And Kraig E, fat Rev Immunol 1999;18 (l-2):83), motor 
neuropathies (Kornberg AJ. J Clin Neurosci. 2000 May-,7 (3):191), Guillain-Barre 
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syadrome, neuropathies and autoimmune neuropathies (Kusunoki S. Am J Med So,. 
2000 Apr,319 (4) : 234), myasthenic diseases, I^nbert-Eaton myasthenic syndrome 
(Takamori M Am J Med Set 2000 Apr,319 (4*204), paraneoplaatie neurologrcal 
diseases, eereheUar atrophy, periplastic cerebellar atrophy, non-pamneoplastic 
stiff man syndrome, cerebellar Sophies, progressive cerebellar atrophies, 
..cephalitis, Rasmussen's encephalitis, amyotrophic lateral sclerosis, Sydeham 
chorea, GiUes de la Tourette syndrome, polyendocrinopathies, autommrune 
polyendocrinopauues (Antoine IC. and Honnorat Rev Neurol (Paris) 2000 Jan-,156 
(1) .23); neuropathies, dyshnmnne neuropathies (Nobile-Orazio E. et al, 
Electroencephalogr Chn Neurophysiol Snppl 199*50:419); neuromyotonia, acqmred 
neuromyotonia, arthrogryposis multiplex congenita (Vincent A.etal, Ann N Y Acad 
Sci 1998 May 13;841:482), cardiovascular diseases, cardiovascular autounmune 
atherosclerosis (Mafcuura E. et al, Lupus. 1998;7 Snppl 2:8135), 
m yocardial infarction (Vaarala O. Lnpns. 1998 ; 7 Snppl 2:S132), thrombosis (Tmcam 
A e< al Lnpns 1998;7 Snppl 2:S107-9), granulomatosis, Wegener's granulomatous, 
arteritis, Takayastfs arteritis and Kawasaki syndrome (Praprotnik S. et.al. Wren Khn 
Wochensehr 2000 Aug 25,112 (15-16):660); anti-factor Vffl autoimmune disease 
(Lacmix-Desmazes S. et al., Sentin thromb Hemost2000-,26 (2):157); vascuhtises, 
necrotizing smaU vessel vasculitises, microscopic poiyangutis, Churg and Stiauss 
syndrome, gjomerulonephritis, pauci-Unmune focal necrotizing glomerulus 
crescentic gtomerulonephritis (Noel LH. Ann Med Interne (Paris). 2000 May;l 1 

(3) :,78); antiphospholipid syndrome (Flamholz R. et al.. J Clin Apheresrs 1999;14 

(4) 171); heart Mure, agonist-like beta-adrenoceptor antibodies in hear, Mure 
(Walluka, O: et al.. Am J Cardiol. 1999 Jun 17;83 (12A):75H), .hmmbocytopenic 
pmpura (Moccia F. Ann Ital Med In,. 1999 Apr-Inn;14 (2):114); hemolytic a*enua, 
autoimmune hemolytic anemia (Efremov DG. et al., Leuk Lymphoma 1998 Jan;28 (3- 
4V285) gaatiointestinal diaeases, autoimmune diseases of the gastiomtestinal trart, 
intestinal diseases, chronic inflammatory intestinal disease (Garcia Herola A. eta 
Ga^fcrol HepatoL 2000 Tam23 (1» celiac disease (Landau YE,aod Shoenfeld 
Y Harefuah 2000 Jan 1«;138 (2):122), autoimmune diseases of me musculature, 

<a™>ren>s svndrome (Feist E. et al, Int Arch Allergy 
myositis, autoimmune myositis, Sjogren s synoruiue v 

tamunol 2000 Sep;123 (1):92); smoofli muscle autoimmune disease (Zauh D. et al., 
Biomed Pharmacomer 1999 Jnn;53 (5-6):234), hepatic diseases, hepatic autounmune 
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• Mp j Hepatol 2000 Aug;33 (2):326) and 

diseases, autoimmune hepatitis (Manns MP- 1 riep 

prim ary binary cirrhosis (Strasaborg CP. e, at., Eur I Gastroenterol Hepatol. 1999 

S of diseases associated with T cell mediated autoimmune diseases, 
, inehtde, but are no. limited .0, rhenmatoid diseases, rheumatoid arthritis (Ttsch^ 
« HO- PtocKat. Acad Sei USA ,994 !an U» 

pernio antohnmnne diseases, systemic lupus erymematesus (Da«a SK., I^us 
199 8;7 (9,159!), g— diseases, gfcnduUr anmhnm one dise^ P— 
diseases, pancreatic autoimmune diseases, Type 1 diabetes (Castano L and Baenbrt 
10 OS Ann Rev. Immunol. 8t647); myroid diseases, autoimmune mymid diseases, 
^disease (Sakata S. - A Mo. Cel. Endocrine. 1993 Mar-,92 ( .)t77); ovanan 
leases (Gar. KM. - * J Keprod humunol .998 Peb;37 (2)i87) 
^hnmle proses (A.exander KB. * A Uro.ogy 1997 M «« 
p^andula, syndrome, —une polygUndola, syndrome, Type I autonmnune 
13 ToWandmar syndrome (Ham T. « at. Biood. 199. Ma, 1;77 (5)il X27), neurology 
Ll, antohnmnne neurological diseases, muinp.e sclerosis, nenritis, opUc net^ 
(Soderstiom U. et at. I Nenro. Neoroaurg Psychiatry 1994 WJ*"* 
^enia gmvia (Oshima M. e, at, Enr J hnmnno! 1990 Dec;20 

syndrome (Hiematm HS. - a, Proc Nat. Acad Sc. U S A 200. Mat2^98 
» (7) 3988), cardiovascular diseases, cardiac autoimmunity in Chagas' drsease (Otnha- 
N l E. 1 at, I Chn Invest .996 OC .5 ; 98 (8)1.709), autoimmune tbrombooytopemc 
^ (Sempie IW. - A Biood .996 May .5;87 (,0>:4245), T 
ympbocvte amoimmumty (Caporossi AF. - A Viral — «1 
Zlytic anemia (SaUah S. et A Ann Hematol .997 Mar;74 (3)1.39), hepatic 
25 disease, hepatic amoimmune diseases, hepatitis, chronic active hepatitis (Pranco A 
1 a/ Oin Immunol Immunopathol 1990 Mar, 5 4 (3)l382), biliary ctrrhosts, prrmary 
^ cirrhosis (.ones DE. Clin Sei (Col*) .996 Nov*. ^ ^ ™ 
^phne autohnmune diseases, nephritis, internal nephritis <KeUy C. J Am Soc 
Nephrol .990 Aug;! (2)1.40), connective tissue diseases, ear disease* , a«— * 
30 elective tissne diseases, —one ear disease (Yoo 17. - at. Cel. — 
!994 Aug-,157 (1):249), disease of the inner ear (Gloddek B. etaL, AnnN Y Acad Sei 
19 97 Dee 29;830:266), skin diseases, cntaneous diseases, dermal diseases, buUons 
skin diseases, pemphigus vulgaris, buUons pemphigoid and pemphigus foliaceu, 
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Examples of antigen associated leases associated with antigen specific 
delayed type hypersensitivity incmde, hnt are not limited to, contac* dermatitis and 
drug eruption. 

Examples of organ/tissue specific autoimmnne diseases include, but are not 
; ltaited ,o, cardiovascular diseases, rheumatoid diseases, glandular diseases, 
^intestinal diseases, cutaneous diseases, hepatic diseases, neurological drseases, 
mU scular diseases, nepbric diseases, diseases relate to reproduction, connective 
tissue diseases and systemic diseases. 

Examples of autoimmune cardiovascular diseases include, but are not hmrted 
„ ,„ atherosclerosis (Matanura E. « A I^pus- >«W Suppl 2:3135), myocardial 
tafcetion (Vaarala O. Lnpus. 1998;7 Suppl 2:8132), thrombosis (Tincam A. et aL, 
I^ua 1998;7 Suppl 2:S107-9), Wegener's granutomatosis, Takayasu-s artery 
Kawasaki syndrome (Praprotiuk S. m al, Wien Kfin Wochenschr 2000 Aug 25;112 
(15-16):660), anti-factor Vfil autoimmnne disease (Lacroix-Deamazes S. et a,.. Semm 
15 Thromb Hemost2000;26 (2):,57), neootizing small vesse! vascutitis, microscoprc 
polyangtitis, Cburg and Strauss syndrome, panci-immune focal necrotfemg and 
lecntic giomerulonephritis (Noel IB. Arm Med interne (Paris) 2000 May, 
(3):178), antiphosphotipid syndrome (Elamhofc R. et A I 

antibody-induced hear, fiumre (Walmka, O. a, m.. Am Ca^oh J « 

_ rMrar^ia F Ann Ital Med Int. lyyy 

20 17-83 (12A):75H), thrombocytopenic purpura (Moccia i-. Ann 

Jr-iuLu (2,114: Semp.e iW. et * Blood 1996 May WJ*™* 

■ ra^^r^r no p.t al Leuk Lymphoma 1998 Jan;28 (i- 
autoimmune hemolytic anemia (Efremov DCr. et at., i^eu^ v 

tt +„i 1QQ7 iUar-74 f3 VI 39), cardiac autoimmumtym 
4V285- Sallah S. et al., Ann Hematol 1997 Mar, /4 v).w>, ^ 

cLgai- disease (Cunha-Neto E. et al, J Oin haves, 1996 Oct 15 ; 98 (8):1709) and 
anti-helper T lymphocyte autoimmunity (Caporossi AP. e< al. Viral Immunol 



25 

1998;11 (1):9). 



Examples of autoimmune rheumatoid diseaaes include, but are not hmrted to 
rhemnatoid arthritis (Kreon V. * al, Histol Histopamol 2000 W.15 0*791; Tisch R, 
McDevitt HO. Proo Natt Acad Sci unite S A 1994 Jan 18:91 (2):437) and ankylosrng 
30 spondylitis (Ian Vosvriokel et at. Arthritis Res 2001; 3 (3): 189). 

Examples of autoimmrme glandular diseases include, but are no. hmrted to, 
pancreatic disease, Type ! diabetes, myroid disease, Graves' disease, thymus, 
spontaneous autoimmune thyroiditis, Hashimoto's thyroiditis, idiopathic myxedema, 
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ovarian autoimmunity, autoimmune anti-spenn **m* — 
lm , autoimmune polygUndular syndrom diseases include, but are not hmrtod to 
limmune ^ of the pancreas, Type 1 «— <Cas.ano I. - 
A. Rev. Immunol. 8:647; Zimmet P. Diabetes Res Clin Pract 1996 Oc.,34 
tadtUA autoimmune thyroid diseases, Graves' disease (Orgiazzi I. Endocrine 
' Am ,000 Jun.9 <*»* — S : at a, Mol CeU 

!993 Mar;92 (0:77), spontaneous autoimmune thyroiditis (Braley-Mulleo ^H. and Yu 
S J Immunol 2000 Dec 15;165 (12):7262), Hashimoto's thyroiditis (ToyodaN. e, al. 
Nippon Rinsho 1999 Au S 57 (8):1810), idiopathic myxedema (Mitsuma T. Nippon 
„ RiLho. 1999 Aug;57 (8)1.759), ovarian autoimmunity (Garza KKU A J **- 
.mmuno, 1998 Eeb;37 (2):87), autoimmune anti-sperm infertilrty (Dtebnm A* - 
. Am , Reprod Immunol. 2000 Mar;43 (3) :1 34), autoimmune prostatms Alex^der 
RB e, al. Urology 1997 Dee;50 (6)1893) and Type I autoimmune polyglandular 
syndrome (HamT. <* at. Blood. 1991 Mar 1;77 (5):1127). 
15 Examples of amotannune ^intestinal diseases include, but are not hmtted 

to chronic inflammatory intestinal diseases (Garcia Hero.a A. e, al, Gaatmen^ 
hU- 2000 Jan;23 (1);16), ceUac disease (Landau YE. and Shoenfeld Y. Harefhah 
2000 Jan 16,138 (2):122), ceUtis, ileitis and Crohn's dtsease. 

Examptos of autoimmune cutaneoua diseases include, but are not hmtted to, 
2q autoimmune bullous sxtn diseases, such as, hut are not limited to, pemphigus vulgans, 
bullous pemphigoid and pemphigus foliaceus. 

Examptes of autoimmune hepatic diseases include, but are not hmttod to 
bspatitis, autoimmune chmnic active hepatitis (Franco A et al, Ctin Immune* 
tanunopattrol 1990 Mar;54 (3)i382), primary biliary ctebosis (Jones DE Chn So. 
25 (Colch) 1996 N ov,91 (5)1551; Suassburg CP. at al. Eur , 

!999 ,un;ll (6);595) and autoimmune hepatitis (Manna MP. I Hepatol 2000 Aug,33 

^Examples of autoimmt»e neurological diseases include, but ate no. limited to 

a 1 • /ywc ah et al J Neuroimmunol 2001 Jan 1;112 (l-2):i), 
multiple solerosxs (Cross AH. et al, N mvastWa 



30 Alzheimer 



™0^e AJ. Ann Kraig E, Int Rev Immunol 1999;18 (l-2);83; Gshima Me, 
al Eur J Immunol 1990 Dec;20 (12*2563), neuropamies, motor neuropamies 
(Romberg AJ. J Clin Neutosci. 2000 May,7 (3);191); Gutilain-Batre syndrome and 
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alItoi mmune neuropamies (Kusunofc ^ . M, 8-. 2000 Apr^ 
my asmema, Lambert-Eaton myasmenic syndrome (TaKamorr M. Am I Med 8*2M0 
myasrae neurological diseases, cerebellar atrophy, 

Apr;319 (4):204); paraneoplastic — ' a HS fi , ^ Proc 

paraneoplastic cerebeUar atrophy and stiff-man syndrome <. 

L t i W Sci units S A 2001 Mar 27;98 (7):3988); non-paraneoplashc stiff man 
5 Nad Acad Sc. units S A encephaliti s, Rasmussen's encephalitis, 

wndiome progressive cerebellar atrophies, encep ^ , 

v ,Lal sclerosis Sydeham chorea, Gilles de la Tourette syndrome and 
amyotrophic lateral sclerosis Sy , Rev Neurol (Paris) 

autoimmune polyendocrinopathies (Antome JC. ana n al 
nn t .1V23Y dysimmune neuropathies (Nobile-Orazio E. et al., 

1^ kXmo! Suppl 1999;50:419); acouired neuromyotonia, 
10 Electroencephalogr Clm Neuropils w ^ ScL 1998 May 

^ogryposis multiple, congenita (Vincent A -"» Y 
13-841:482), neuritis, optic neuritis (Soderstrom M. et al, 
Psychiatry 1994 May,57 (5):544) and neurodegenerative diseases. 

Samples of autoimmune muscular diseases include, but axe not ^ » 
15 myositis autoimmune myositis and primary Sjogren's syndrome (Feist E. et al M 
15 my ° SltlS ' ° . JL SeD . 123 (1) -92) and smooth muscle autoimmune disease 

Arch Allergy Immunol 2000 Sep,iZ3 yif.y*} 

rZauli D et al, Biomed Pharmacol 1999 Jun;53 (5-6):234). 

« of autoimmune nephric diseases include, but • £ 
.ephritis and autoimmune interstitial nephritis (Kelly CI. J Am Soc Nephrol 

20 Aug;l (2):140). ^j„^ rt „ include but are not 

Espies of autoimmune dishes reWed to reproduction b 

limited to, repeated fetal loss CTincani A. etal., Lupus 1998;7 ^ ~f ^ M( 
Examples of autoimmune elective tissue diseases nrclude, bu, a» uot 
uxampi* Cell hnmunol 1994 

Umited to, ear diseases, autoimmune ear dtseases (Yoo TI. rtC 
M Au S 157 (1)04* and autoimmune diseases of the inner ear (Oloddek B. * ^ Ann* 
Y Acad Sci 1997 Dec 29;830:266). 

„ of — . ^ir^ZnX:^ 

systemic brpus erytirematosus (Bnkson I, * «- 
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^temrc lupus eryu»_> v--~ 1999 ^ 

atomic sclerosis (Renaudmeau Y. at al. Clm Dtagn L 
aV156yChanOT.e«.;., Immunol Rev 1999 Iun;169 : 107). 

Examples of antigen specific infectious diseases include, bu, are no, timrled to, 

u infectious diseases, acute infectious diseases, 
chronic infectious diseases, subacute infectious 

v^al diseases, bacterial diseases, protozoan diseases, paras*, diseases, fungal 
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diseases, mycoplasma diseases and prion diseases. 

Exlp.es of antigen specific transplantation *— ■ ** « " ' 

Unuted to, graft rejection, chronic graft rejection, subacute graft rejection, hyperacute 
Kraft rejection, acute graft rejection and graft versus host disease. 
, Examples of anergic diseases include, bu, are no, .united to, asfoma, fovea, 

n.catia, poUen afie^, dust mite allergy, venom *» ~£ * 
aUergy, chemical allergy, drug aUergy, msec, b.te aUergy, animal 
singing plant allergy, poison ivy aUergy and food allergy. 

Examples of antigen specific inflammatory diseases urch.de, but are 
Unnted to; inflammation associated with injuries, neurodegenerative diseases, 
Emetic implants, menstiuation, septic sho* 

syndrome, cachexia, nocrosis and gangrene; musculo-skeletal mflammations, 

idiopathic inflammations. 

Thus, Are present invention enables optima! typing of an antigen receptor chmn 
specificity repertoire of a human individual, and, as such, can be used to optimaUy 
S Leal management of a disease associated with an .antigen specrfic 
protective or pathogenic immune response. 

It is expected that during the life of tins paten, many reinvent medtod 
^agnostic techniques win be devetoped and me scope of me term "typing- . mtended 
to include all such new technologies a priori. 
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Additions! object, advantages, and novel features of the present invention wfll 
become apparent to one ordinarily sained in the ar, upon examination of foe follows 
exlp.es which are not intended to bo bruiting. Additionally, each of the varro. 
entente and aspect of me present invention as detineated — ^» 
Caimed in me claims section below finds experimental support m me foflowmg 



examples. 
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Reference is now made .0 tire following examples, which togefoer wifo the 
above descriptions, illustrate foe invention in a non limiting fashion. 

QeneraUy, foe nomenclative used herein and foe laboratory procedures utibzefl 
m the present invention include mo.ecu.ar, biochemical, microbiological and 
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recombinant DNA techniques. Such tlniqoea » *oroughly «M > - *• 
fitoratme. See, for exampfe, "Moleoutar Cloning: A .aboratory Manoal" Sambrook « 
ol (1989V "Current Protocols in Molecular Biology" Volumes I-ffl Ausubel, R. M., 
ed' 099ft' Ausube, e, A "Current Protocols in Molecular Biology", lobn Wiley and 
Sons, Baltimore, Maryland (1989); Porta!, "A Practical Guide ,o Molecular CW 
,„ to Wiley * Sons, New York (1988); Watson « of., "Recombinant DNA , 

" " , v, Rirren «r ai (eds) "Genome Analysis: A 

Scientific American Books, New York, Buten er at lea j 

, „ • „ ir„i. i 4 Cold Soring Harbor Laboratory Press, New 
Laboratory Manual Series", Vols. 1-4, Cola spring 

. i„ II"! P»t Nos. 4.666,828; 4,683,202; 
York (1998); methodologies as set forth m U.S. Pat Nos. *, . 

„ 4,801,531; 5,192,659 and 5,272,057; "CoU Biology: A 1^ 

Volumes HQ CeUia, J. H, ed. (1994); -Current Protocols in Immunology* Votane 
MI Cohgan L E., ed. (1994); Stitea et * (cda), "Basic and CMca. ^hnmnno^ 
(8m Edition), Applelon * Lange, Norwalk, CT (1994); MiahoU and Shngr (eds) 
"Selected Methods in CeUnlar Immunology", W. * Freeman and Co., New York 
„ (1980); available immunoaasays are extensively described in the patent and acl^tific 
Ltnre, see, for example, U.S. PaL Nos. 3,791,932; 3,839,153; 3, 50,7 2; 
3,850,578; 3,853,987; 3,867,517; 3,879,262; 3,901,654; 3,935,074; 3,9^5 , 
3,996,345; 4,034,074; 4,098,876; 4,879,219; 5,011,771 a« ' 5 W 
.•Oligonucleotide Synthesis" Gait, M. L, ed. (1984); "Nncleic Add Hybridation 
» Hames, B. D-, and Higgins S. J., eds. (1985); •Transcription and Translation" Hames 
B D., and Higgins S. J., eds. (1984); "Animal CeU Cnlture" Freshney, R. L ed. 
(1986)- Tmmobilized Celfs and Enzymes" «L Press, (1986); "A Practical Guide to 
Molecular Cloning" Perbal, B„ (1984) and "Methods in Enzymology" Vol. 1-317, 
Academic Press; "PCR Protocol,: A Guide To Memods And Appboahons , 

o t^- nA nQQOV Marshals: et al, "Strategies for Protein 
25 Academic Press, San Diego, CA (199U), Marsna* * ^ 

Purification and Chamcterization - A Laboratory Conrse Manual" CSHL Press 
(199* all of which are incorporated by reference aa if fully set forth herein. Other 
general references axe provided throughout tins document The procedures .herein are 
believed to be well known in the art and are provided for die convenience of the 

30 reader. « . 

Unless otherwise defined, all technical and scientific terms used herein have 

the same meaning aa commonly understood by one of ordinary skill in me ar. to 

... ^ i. and materials similar or equivalent 
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- * . ^ ^ used ^ the practice or testing of the present 
to those described herein can be used, in me y 

invention, suitable methods and materials are described below. 

EXAMPLE 1 

5 Repair* scale »pl» g of Hunan TCRfi rearranged varlabU region segment 

combinations 

Backg ro U na: Diseases associated, with a protective or pathogenic antigen 
■ sp eciflc innnune response, such as infoctious, aufoinunune, 

led, malignant and inflammatory diseases, inchrde numerous brghly denoting 
l0 ana/or .efoal diseases whose medical management is suboptimai, 

^ect fo prevention, diagnosis, treafinem, patient monitoring, prognose, anting 
JL Optima! performance of such aspects of medical management of such a 
JL in an individual wordd he enah,ed by a method of optimal* typing an ^ 
receptor chain specificity repertoire of foe individual. Such typurg cnnld he u*dfo 
oplfly ,urdify foe antigen receptor specificity repertoire o, foe mdrv^vnfo 
Aspect fo a reference specificity pattern coifing wifo a phenotype as— w* 
F , , . . j ^ ^+i^aiUr mi5i1ifv the individual with 



15 



malification could be used to optimally 



20 
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the disease, bucn quaiiu^t^ * ncn _ 

aspect «o foe. phenotype, and hence to focfiitate optima, performance of such aspects 
f medics! management of such a disease in foe Individ. Such a typrng nrefood 
M uld former he used to enah.e identification of novel reference specrficty pa^ns 
sh ared among individuals sharing a phenotype associated with such a 
various methods of typing antigen receptor chain specificity repertory have been 
proposed in foe prior art, foese have heen drstincfly suboptimal for numerous « 
Z Libed ahove. Thus, in order to overcome such prior art lunflauons, foe P^ 
inventors have devised and successfuUy tested a novel and optimal mefood of typmg 
antigen receptor chain specificities, as described below. 
Materials and Methods: 

Design of oligonucleotide hybridization probe set 

The presently described strategy for typing a repertoire of human TCRfl 
variable region sclent carnations is based on a DNA oligonucleotide nticroruray 
« only Z99 degenerate probes (pool* probe sefc) each of 
specific detection of a ser of forget cDNA sequences of rearranged TCRfl 
4» each of which corresponding to one of 23 nove! VO-se^ent groups 
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conceived by me present inventors and one of 13 possible Jff.segn.ents. Namely, 
wbile conceiving the present invention, it was unexpectedly uncovemd by the present 
inventors that Vff-segmen* eould be conveniently grouped into as few as 23 novel 
groups each of which having shared CDR3 specific amino acid sequences, thereby 

enabling design of oligonucleotide probes suitable for optimally typing human TCRff 

variable region segment combination repertoires. 

Each degenerate probe of me set of 299 degenerate probes is a degenerate 

DNA sequence composed of all possible combinations of the following modules, 

from 5' to 3': 

(i) one of 23 consensus DNA sequences (some of which degenerate) each of 
which encoding a CDR3 specific carboxy terminal portion of a V/S-segment belongxng 
to one of 23 novel V/3-segment groups (see Table 1, below); 

(ii) the degenerate consensus DNA sequence 5'-gggac(a/t)(a/g)g(c/g)gg(e/g)-3 
(SEQ ID NO- 47) which includes all known sequences encoding a D/3-segment; and 

(iii) one of 13 sequences each of which encoding the CDR3 specific portion of 
one of the 13 ^-segments (see Table 2, below). This results in a total set of 299 
degenerate probes, according to the calculation: [23 degenerate V^-segment specific 
probe segments] x [1 degenerate D0-segment specific probe segment] x [13 J* 
segment specific probe segments] = 299 degenerate probes. 

Table 3 lists a representative degenerate probe subset, each degenerate probe 
of which being specific for cDNAs of a variable region which includes a V/3-segment 
belonging to novel V0-segment group No. 1 (see Table 1), and which includes one of 
the 13 possible JjS-segments. 
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Table 1. Novel Vp~segment groups and sequences of 
V&-segment specific modules of probes. 



Novel V(3- ICDR3 specific 
segment (amino acid 
group No. sequence of group 
members 
(l-letter code) 



V0 genes encoding Vj$-sejpnents 
belonging to novel group 



(SEQ ID NO: X) 
|(SEQIPNO:2) 



jConsensus DNA sequence 
encoding carboxy terminal 
portion of VJ^segments 
belonging to novel group 



BV12S1A1N1 , BV12S1A1N4 
BV1S1A2,BV12S1A1N3 



CS 

| (SEQ ID NO: 3) 



BV4S1A2T 



5'-gtgtacttctgt-3' 
(SEQ ID NO: 24) 

5 , -tatttctgtgcc-3 T 
(SEQ ID NO: 25) 
y-tatctctgcagc-S 1 
(SEQ ID NO: 26) 
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ICAS 

(SEQ ID NO : 4) 



(SEQ ID NO: 5) 
ICS A 

(SEQ ID NO: 6) 

CASS 
(SEQ ID NO: 7) 



1BV6S4A5N1T, BV6S4A5N2T, 
BV7S3 AIT, BV13S6A4T, 
BV13S2A3PT, BV9S1A2T, 
BV5S1A2T 
BV20S1A1N3 



l5 , -(c/t)t(c/t)tg(c/t)gccagc-3 , 
(SEQ ID NO: 27) 



l^-ctctgtgcctgg-^ 
|(SEQ ID NO: 28) 



BV2S1A2, BV2S1A3N3T, 
BV2S2A10, BV2S1 A4T, 
BV2S1A3N2T 

BV16S1A1N2, BV6S2A1N2T, 
BV6S3A1N2T, BV6S6A1T, 
BV6S4A2, BV6S4A6T, BV21S2A3T, 
BV21S2A1N1, BV21S2A1N2, 
BV21S3A1T, BV21S3A2N1, 
BV25S1A3T,BV23S1A1T, 
BV5S6A3N1T, BV1S1A1N2T, 
BV5S6A2T, BV5S6A1T, BV5S3A1T, 
BV5S3A3T, BV5S4A1T, 
BV9S2A1PT, BV7S2A1N2T, 
BV13S2A2PT, BV8S2A2N2T, 
BV22S1A2N2, BV22S1A1T, 
BV13S6A3T, BV13S6A1N1, 
BV13S6A1N2, BV11S1A2T, 
BV7S2A2T, BV7S2A1N1T, 
BV7S2A1N3T, BV6S4A4T, 
BV6S1A1N2T, BV17S1A3T, 
BV17S1A2T,BV12S2A3T 



p-atctgcagtgct-3 1 
(SEQ ID NO: 29) 



|5 , -tg(c/t)gccag(c/t)ag(c/t>3 , 
(SEQ ID NO: 30) 



[CATS 

(SEQ IP NO: 8) 
CAWS 

(SEQ ID NO: 9) 



BV24S1A2T, BV24S1A1T 



[5'-tgtgccaccagc-3' 
(SEQ ID NO: 31) 



BV20S1A3T, BV20S1A2P, 
IRV2QS1A1N1, BV20S1A1N2 



fr-tgtgcctggagt-S 1 
(SEQ ID NO: 32) 



CSV^ ["BV4S1A3T, BV4S1A1T7BV4S20 

^^^Mb^ 

CSAR |BV/MA^>u,dvz,o , lrsF.OIDNO:34) 



ta-tgcagcgttgaa-S' 
(SEQ ID NO: 33) 



|(SEQ ID NO: 11) BV2S2A2Q 



7T A oo T IBV8S2A2N1, BV8S2A1T, BV8S1, 

r^QroNO: 12) BV14S1,BV3S1,BV6S1A1N1, 
ipx^iv B V6S1A3T,BV6S5A1N2T, 

IBV6S8A2T, BV6S2A1N1, 
BV6S2A2T, BV6S6A2T, 
IBV6S3A1N1 , BV6S4A1, BV6S4A3T, 
BV6S5A1N1, BV6S5A2, BV21S1, 
BV21S2A2, BV21S3A2N2, 
BV23S1A2T, BV5S1A1T, 
BV5S6A3N2T, BV5S7P, BV5S3A2T, 
BV5S2, BV5S4A2T 



(SEQ ID NO: 34) 

S^tg^/Qgccagcag^/tMa/g)^' 

(SEQ ID NO: 35) 



[rASSO BV19S1P, BV16S1A1N1, 

bEOroNO: 13) BV25S1A1T, BV25S1A2PT, 
l( SEQ 1U *u ) L V9S1A1Tj BV 9S2A2PT, 

BV7S2A1N4T, BV7S3A2T, 

TW7S1 A1N1T. BV7S1A1N2T 

pTcsY |BV13S2A1T, BV13S6A2T, BV13S8P, 

(SEQ ID NO: 14) IBV13S7, BV13S4JB V13S1 

T^aSe " BV11S1A1T, BVHS20P, BV13S3, 

CASSV BV1S1A1N1 
(SEQ ED NO: 16) | 



^-tgfc/Qgccagcagccaa-S' 
(SEQ ID NO: 36) 



S-tgtgccagcagttafc/QO' 

(SEQ ID NO: 37) 
5 t -tgtgccagcagtga(a/g)-3 l 
(SEQ ID NO: 38) 



S'-tgtgccagcagcgta-^ 
(SEQ ID NO: 39) 
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CASSI 

kgEQ ID NO : 17) 
fcjASSD 



BV17S1A1T 
BV13S5 



BV18S1 



l (SEQIDNO: IS) 
CASSP~ 

l(SEQI DNO:19) 
\cASGT "1BV8S3 
1(SEQ ID KO: 20) 



|5 f -tgtgccagtagtata-3 J 

(SEP ID KO: 40) 
S'-tgtgccagcagtgac-^ 

(SEQ ID NO: 41) 



5'-tgtgccagctcacca-3 f 
(SEQ ID NO: 42) 



p'-tgtgctagtggtttg-^ 
(SEQ ID NO: 43) 



CATSR |BV24S1A3T 
(SEQ ID N O: 21) 
CMSE IBV12S1A1N2 

(SEQ ID NO: 22) 



S-tgtgccaccagcaga-T 
|(SEQ ID NO: 44) 



23 



SV15S1TbV15S20P 



CATSDL 

i(SEQIDNO:23) 



5'-tgtgccatcagtgag-3' 

) (SEQ ID NO: 45) 
^-tgtgccaccagtgatttg-^ 

(SEQ ID NO: 46) 



* according 
Table 1, cont'd. 



imogenetics 42, 455-500) 



TabU X DNA seonences encode CDRS specific Nominal portions ofJ»- 

segments: Jff-segment spe^tcmoM^probes^ 



j3-segment 
U 



**f * - — 7 

Uz^^m ^S' (SEQ ID NOj48 T 

I = 2 r. TT~\ XTO- A<V 



la/ f I » 1 1 f_ji 1 (_' — > ~ — 

£ ^ — -^^TONOlO) 



U 
1.4 



i'-ggaaaca ccatatat^ 1 (SEQ 
?^ia^a^^^ro^llL 

— — - ^ ID NO: 54) 



itgagcagttc-3 1 (SEQ 



-accggggagctgttt 



gatacgcagtat- 
I S'-aa aaacattcagtao 
ga gacccagtac-3' 
g gggccaacgtcctgact 

— **1 /OT3 



^ (SEQIDNO: 55) 
:-3* ( SEOjD NO: 56) 



|£_(SEQroNO|_57) 
;~3 r (SEQroNO: 58) 

i-y (SEQ ID NO: 59) 



sTi^agtac-3' (SEQTONO60) 
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TabU S. tepresen^e probe scU generate probe sequences of tegenera* probes 

100 ' .„ nA rf, -—Me for VS-segments belonging to V0- 

Having<.V»^egme K ,spec.ficmoialespecmc}ory^ g 

seg^t^oup^UCD^ 

DNA sequence of probe 



Jj3 gene 
specificity of 
probe 

1.1 



1.2 



1.3 



1.4 
1.5 



^^^^^^^^^^^^^ 
.. . ^l-I^^^/^arc/ glgg^ggaaacaccatato 



(SEQ ID NO: 
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2.1 



2.5 



r y (SEQ ID NO: 68) 



<?DK3 specific consensu ammo ^^J^^Lnce of the Jf3-segment specfic module (SEQ 
right of the D/3-segment specific module denote 
ID "NOs: 48-60; see Table 2). 

Table 3, cont'd 

„• „f TCRB variable region cDNA of an indMduab Total BNA 
Treparaton of TCS» vanaol s» _ ^ 

To produce TCR/3 variable » primer 
* wal RNA were reverse-transcribed using trie sp 

was toeobatea with 3 nncoUters of MBC2 pnntet ^"^^^ 

— —rrjr^^ - 

to a fcy ice/ethanol ba*. Theanne*! p ^ 
^ 20 ndcroUters of 5* ^ » 

(DTT), 2 ndcroliters of aNTPs uuxtore (25 mM each , 

aeoxyuridine 5' triphosphate (AA-dUTP) at - AA-dUTPto^^^ 1 RNaseOOT 

and 7 — rs of S^enp « ""^J fc 3 touis . To 

^ «. reaction — - ^;' H l d ^ orolit : of O,ME D TAwe re 
KNA, 33 nnctohters of 1 M tt« - 3 ^ ^ — 

^eaaoa^reacaonn^^^^ ^ 

fe „owea by aaa ia o n „f33 m ^ MHaf«n ^ ^ ^ a 

^.aurP ana ^ ^J^l^^of^PBw-eaaaeato 
modified protocol of QIAGEN PCR purrrica 

to .aonon, which was then loa d ea on a QIA^c* — * — « 
3 „ twice with 750 miaous of phosphate wash buffer (5 tnM KP0 4 , 
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25 
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« and dried by addition* microcolon * * — ■ - ^ ^ 
B. cDNA was etated twice with 30 microUtors of phosphate etation buffer <4mM 
KPO,, pH 8.5), yidding a total etation volume of 60 microti*^ 

Cfcmplementiuy of a specific TCR0 chain including a ,02.1-segment and aV* 
s Jen, belonging to nove. V0-segment group 4 <having a V« ^ 

of CDK3 consisting of a CAS amino acid sequence, - 
Coned in vector pGEM-T-Easy (Promega) was amphfied by PCR u*ng 

™ rfNTPs mixture included AA-dUTP at an aa 

universal primers (Promega). The dNTPs mixtur 

+; o A .i The PCR product was purified trom 
htttp to dTTP molar ratio of 4.1. me r^jv y 

ZLi— AA-dUTP and tee amine, aa described above, in a final volume of 

"""S— — »/ — — * ~ cDNA pool and «g« 
don al cDNA were dried in a specd-vac and resuspended in 5.5 mrcroh,* of fie^y 

taM in dtarethylsulfoside (DMSO) were added to the murium and ft 
wa s incubated for 1 bour in the da* a. room temperature. ^ £ 
„*» reaction, 43 microliters of 0.1 M sodium acetate, pH 5.2 was added to the 
TnTand untied dye was removed using QIAGEN PCR purification « 
20 according to tbe marrufactorer, instructions. The labeled « - «- H~ 
^ 30 microliters of EB buffer to obtain a final etation volume of 60 mtcrohters. 

For detonnination of labeting efficiency, labeled torget cDNA was assay* *« 
absorbance a, 260 nm and 650 ran, and total cDNA and Cy5 contaut was calculated 
according to the following equations: 
„ com - [OD260 , vol».e . . 

1000(pg/ng)] I ' 324.5(pg/pmol) 77 ^ /m ^ r oliter) x 

pmol cDNA pool - [OD260 * volume (microliters) , SJ^croUter) 

1000(pg/ng)J I ' 324.5(pg/pmol) 

pmol Cy5 = [OD650x volume (microliters)] / 0.25 
30 DNA/Cy5 molar ratio -pmolDNA /pmol Cy5 

Samples containing more than 200 p^ol of dye incorporation per probe and 
ratio of less than 50 DNA molecules per dye molecule were selected for 
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MUroarray printing: Each of the 299 degenerate oligonucleotide probes (see 
Tables M. above) was diluted to a final concentration of 10 nricronrolar with addrtion 
of DMSO to a final concentration of 50 % DMSO, in a 384-well plate. The probes 
were printed in triplicate on SnperAmine stides (Array*, TeleChenr), naing a To«al 
Array System (IAS) robot (BioRobotics) with a solid 16-pin-head tool Dot center- 
to -center distance was set to 400 tnicrons. On. of tire 16 snbarrays of <he chrp, 13 
were eachprinted with the set of probes specific fcr cDNA of TO* vanable nagtona 
inchrding one of tire 13 ^segments (Figure la). Within each subarray, each of 23 
sets of cell uiplieates were printed wiflr tire degenerate probe specific for cDNAs of 
TCRP variable regions including tire Jp-segment sp«fic to tire subarray and 
including a V0.segn.en, belonging to one of tire 23 novo! Vp-segment groups (Frgure 
lb) PrintedsHdeswerestoredeleaninadarkboxpriortouse. 

«MM» of MM CDNA <o ,He »fcr W r^ Printed slides were 
incubated in preheated prehybridization buffez (5x SSC, 0.1 % sodiunr ****** 
; [SDS], 1 % BSA) at 42 degrees centigrade for 45 minutes, washed twrce * 100 uti 
MilUQ colunuvpurified water and dried by centiifirgation in a stide-box underlay* 
with Whatman paper for H q uid absorption. Slides were used immediately mUowmg 
hybridization treatinent Depending on labeling efficiency, 200-500 ng samples of 
^ clone! cDNA or of cDNA pool samples weze dried in a speed-vac and 
0 resuspended in 12 mhaotiters hybridization buffer (50 % formam.de, 5x SSC, 0.1 
SDS). Targe. cDNAs were denatured a. 95 degrees centigrade for 3 minutes snap- 
frozen on ice for 30 seconds, cenuimged for 1 minute, sod immedia«e.y apphed to tire 
printed area of tire atide. This was Mowed by overlaying of the printed area of tire 
stide with a cover slip to remove bubbles. The hybridization stides were sealed wrth 
V m and incubated overnight in a hybridization chamber (ArrayB, TeleChem) at 23 
donees centigrade under low shingency conditions. U>w stringency hybndrzation 
oondttions are employed m order » obtain a probe-targe, hybridization level yreldmg 
a distinctive hybridization partem characteristic of an individual's TCW vanab! 
reg ion repertoire. FoUowing hybridization, me stides were washed titree times ur 250 
30 ml of wash buffers (Is, wash buffer, Iz SSC, 0.1 % SDS; 2nd wash buffer, Ix SSC, 

_ - « t i « a -ft^r- +Vip» washes, tne 



shaking. 

MilUQ columi 
/ed with Whatr 
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1* dried slides were then laser-sc Jed for Cy5 and Cy3 detection using a 
ScanArray 4000XL scanner (GSI-Lumonics). 
Experimental Results: 

The TCR chip enables accurate characterization ofJff and Vftgene segment 
5 specific* of clonal cDNA of a specific human TCM chain: to order to determine 
5 specij y j microanav under the low-stringency 

the binding specificity and capacity of the microarray unaer 

hybridization conditions employed, the oligonucleotide microanay was used to 
a clonal cDNA target of a specific TCRp chain including a ^ 
a ^segment belonging to novo! Vp-segmen, group No. 4 (having a Vp-sc^rmen 
» specific portion of CDR3 consisting of a CAS amino acid sequence motif, sec Table 
' As shown in Figure 2, scanning of me hybridized sUde for Cy5 fl— = 
jearlydemonstiared that toe target cDNA specificafiy hybridizod with high affimtyto 
toe subarray specific for its ^-segment, and within the *"* 
^y to cells specific for Vp-segments Vp4, V*6 arm Vpl8, which aU belong to 
15 novo! Vp-se^ent group No. 4, similatry to me target. Thus, tor , low stimgrncy 
conditions used for the hybridization enabled characterization of toe Vp- and Jp 
segment specificity of a cDNA of a specific TCRp variable region. 

The TCR chip enables characterbauon of*e global KM rearrangement 
repertoire of an inaiMual in terms of 299 novel TCW rearrangement groups: 
20 aL optimizing toe .ow stiingency hybridization conditions, RNA was ezttactod 
ftom PBMCs of a specific healthy human individual, and used to produce a TCRp 
variable region target cDNA pool using a specific primer. The ^ W ■ P«»- 
subjectod to microarray analysis, and, as can be seen in Figure 3, toe poo. of t*g* 
oDNAs hybridized to toe oligonucleotide probes wito a highly distinctive global 
25 pattern of specificities and intensities characteristic of toe TCR specificity reperrorre 

of the individual tested. 

Conclusion: The above described results demonstiate that the novel method 
a^ed by toe present inventors can be used for typing a specificity repertoire of an 

u ■ m ^rricular that of T-cell receptor beta chain, in a human 
antigen receptor chain, in particular tnar 01 v 

,„ individual. By virtue of enabling arch typing using an optimaUy rented ^ of 
specific, via an optimal* simplified variable region segment da— 
scheare, enabling classification of rearranged variants of an antigen receptor chatn 
according to a combination of variable region segments, toe method of toe present 
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invention can be used for typing an antigen receptor chain specificity repertoire with 
optimal convenience, rapidity, flexibility, and utility relative to all prior art method, 
By virtue of enabling optimal typing of an antigen receptor chain specificity repertone 
of an individual, ffae method of the present invention can be used for optimally 
5 qualifying such a specificity repertoire with respect to a reference specificity pattern 
correlating with a phenotype related to an antigen associated disease, and thereby can 
be used for optimally qualifying such an individual with respect to such a phenotype. 
Since such qualification enables optimal performance of numerous aspects of medical 
management of such a disease in an individual, including prevention, dxagnosxs, 
10 treatment, patient monitoring, prognosis, and drug design, the method of the present 
invention therefore enables optimal medical management of such a disease m an 
individual. Furthermore, the presently described typing method can be used to 
optimally identify a novel reference specificity pattern characteristic of a phenotype 
- related to an antigen associated disease by virtue of enabling optimal analysis of an 
1 5 antigen receptor chain specificity repertoire in individuals sharing such a phenotype. 

It is appreciated that certain features of the invention, which are, for clarity, 
described in the context of separate embodiments, may also be provided in 
combination in a single embodiment Conversely, various features of the invention, 
20 which are, for brevity, described in the context of a single Embodiment, may also be 
provided separately or in any suitable subcombination. 

Although the invention has been described in conjunction with specific 
embodiments thereof, it is evident that many alternatives, modifications and variations 
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all 
25 such alternatives, modifications and variations that fall within the spirit and broad 
scope of the appended claims. All publications, patents, patent applications and 
. sequences identified by their accession numbers mentioned in this specification are 
herein incorporated in their entirety by reference into the specification, to the same 
extent as if each individual publication, patent, patent application or sequence 
30 identified by its accession number was specifically and individually indicated to be 
incorporated herein by reference. In addition, citation or identification of any 
reference in this application shall not be construed as an admission that such reference 
is available as prior art to the present invention. 



